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1. 1.  Introduction 
Organic electroluminescence (EL) is the electrically driven emission of light from non-
crystalline organic materials, which was first observed and extensively studied in the 1960s.1,2 In 
1987, a research group in Kodak introduced a double layer organic light-emitting diodes 
(OLEDs), which combined modern thin film deposition techniques with suitable materials and 
structure to give moderately low bias voltages and attractive luminance efficiency.3,4 Shortly 
afterwards, in 1990 the Cambridge Group of Friend announced the first conducting polymer-
based LED.5,6 Since then, there have been increasing interest and research activities in this new 
field and enormous progress have been made in the improvements of color gamut, luminance 
efficiency and device reliability. The growing interest is largely motivated by the promise of the 
use of this technology toward full-color flat panel displays. Since the first great discoveries of 
multilayer thin film structures in organic light emitting diodes (OLEDs) was reported by Tang 
and co-workers.7 Organic materials such as naphthalene, anthracene, fluorenes, pyrenes etc are 
supposed to be suitable for the application as light emitters in OLEDs.  
Thiophene-based fluorophores show high fluorescence quantum yields, large Stokes shifts, 
and high photostability and chemical stability. Furthermore, they are amenable to easy structural 
modifications for the tuning of the emission color, are insensitive to pH, and have fluorescence 
spectra covering the entire visible range.8-11 Thiophene-based compounds have found remarkable 
applications as electroactive and light-emitting materials in a variety of (opto)-electronic devices, 
as optical transducers in biosensors and as fluorescent markers for biopolymers.12 The search for 
design strategies to tune the electronic properties, mantaining both solubility and desired self- 
assembly features for low-cost processing, is actively being pursued.12a  
The remainder of the thesis is organized as follows: Chapter 2 provides a brief description 
on the existing literatures on OLED devices and materials, but the materials are mainly confined 
on small molecular organic materials consisting of hole-injection materials, hole-transporting 
materials as well as electron-transporting materials. In addition, a detailed attention is focused on 
thiophene and its derivatives, which have extensively been studied in fluorescence chemosensors 
and photonic devices by virtue of their inherent and excellent photophysical characteristics in 
recent literatures.  
Chapter 3 describes is focused on dithienothiophene and its derivatives, which have 
extensively been studied in fluorescence chemosensors and photonic devices by virtue of their 
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inherent and excellent photophysical characteristics in recent literatures and synthesis of 
dithienothiophene . 
Chapter 4, 5 describes the synthesis and photophysical properties of a new series of 
thiophene-based, all-coplanar, highly pure blue fluorescent and stable monomers, namely, 2,6-
bisaryl-, 2, 6-bis(arylethynyl)-substituted DTTs, which were successfully synthesized by a 
modified Pd-catalysed Suzuki coupling and Sonogashira coupling reaction. The structures were 
also characterized by 1H NMR, 13C NMR, IR spectroscopy, Mass spectroscopy, and elemental 
analysis. 
Although pyrenes also belong to the class of polycyclic aromatic hydrocarbons (PAHs), 
and pyrene and its derivatives have been extensively applied to biological technology such as 
fluorescence probes13 or fluorescence sensor8 by virtue of its well-characterized long-lived 
excited state, the sensitivity of its fluorescence to quenching, the sensitivity of its excitation 
spectra to microenvironment changes, and its propensity for forming excimers, but the 
development of pyrenes as an emitter to OLEDs application is limited because pyrene molecules 
are easily formed -aggregates/excimers in concentration solution and in solid state, and the 
formation of -aggregates/excimers will lead to long wave excimer emission with low quantum 
efficiency. Chapter 6 describes the synthesis and photophysical properties of a new series of 
pyrene-based, cruciform-shaped, highly pure blue fluorescent and stable monomers, namely, 
fluorenyl-substituted pyrenes, which were successfully synthesized by a modified Pd-catalysed 
Suzuki coupling reaction. The cruciform-shaped structures were also characterized by 1H NMR, 
13C NMR, IR spectroscopy, Mass spectroscopy, and elemental analysis. Their photophysical 
properties were fully examined in different organic solvents in detail and these data indicated 
their potential application as robust blue-emitting materials in organic light-emitting diodes 
(OLEDs). Similarly, the synthesis and spectral properties of a series of new pyrene-based hand-
shaped -conjugation blue light-emitting monomers.  
In addition, Initial interests in paracyclophane (pCps) pawned from the reactivity of the 
strained molecular structure; however, much focus has recently shifted to controlling 
photophysical properties14 for the development of device-based applications. Applications of the 
stacked architecture of pCp as a bichromophoric system to study through-space delocalization 
have been recently developed.15 Chapter 7 describes the synthesis and photophysical properties of 
a new series of pCp-based, cruciform-shaped, highly pure blue fluorescent and stable monomers, 
namely, 4-arylethynyl-substituted pCp, which were successfully synthesized by a modified Pd-
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catalysed Sonogashira coupling reaction. The structures were also characterized by 1H NMR, 13C 
NMR, IR spectroscopy, Mass spectroscopy, and elemental analysis. Similarly, the synthesis and 
spectral properties of a series of new pCp-based through-space -conjugation blue light-emitting 
monomers. 
The very bright fluorescence emissions from deep-blue to sky-blue and dynamic 
fluorescence quantum yields were observed in dilute solution. Hence, they are promising useful 
as emitters in the fabrication of light emitting devices. 
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Chapter 2 








In this chapter general introduction of OLED and OLED materials material with respect to their 
applications are presented, and a brief introductory outline of present thesis are also discussed. 
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 2.1. What is OLEDs  
An organic light emitting diode (OLED) is a light-emitting diode (LED) in which the emissive 
electroluminescent layer is a film of organic compounds which emits light in response to an electric 
current. This layer of organic semiconductor material is situated between two electrodes. Generally, 
at least one of these electrodes is transparent. OLEDs are used in television screens, computer 
monitors, small, portable system screens such as mobile phones and PDAs, watches, advertising, 
information and indication; they can also be used in light sources for general space illumination and 
in large-area light-emitting elements. Due to their comparatively early stage of development, they 
typically emit less light per unit area than inorganic solid-state based LED point-light sources.  
 
 
Figure 2. 1. Image of mechanism of OLEDs 
 
Originally, the most basic polymer OLEDs consisted of a single organic layer. One example 
was the first light-emitting device synthesised by J. H. Burroughes et al., which involved a single 
layer of poly(p-phenylene vinylene). However multilayer OLEDs can be fabricated with two or more 
layers in order to improve device efficiency. As well as conductive properties, different materials may 
be chosen to aid charge injection at electrodes by providing a more gradual electronic profile 
1
, or 
block a charge from reaching the opposite electrode and being wasted 
2
. Many modern OLEDs 
incorporate a simple bilayer structure, consisting of a conductive layer and an emissive layer. 
During operation, a voltage is applied across the OLED such that the anode is positive with 
respect to the cathode. A current of electrons flows through the device from cathode to anode, as 
electrons are injected into the LUMO of the organic layer at the cathode and withdrawn from the 
HOMO at the anode. This latter process may also be described as the injection of electron holes into 
the HOMO. Electrostatic forces bring the electrons and the holes towards each other and they 
recombine forming an exciton, a bound state of the electron and hole. This happens closer to the 
emissive layer, because in organic semiconductors holes are generally more mobile than electrons. 
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The decay of this excited state results in a relaxation of the energy levels of the electron, accompanied 
by emission of radiation whose frequency is in the visible region. The frequency of this radiation 
depends on the band gap of the material, in this case the difference in energy between the HOMO and 
LUMO. 
 
2. 2. History of OLEDs  
The first observations of electroluminescence in organic materials were in the early 1950s 
by A. Bernanose and co-workers at the Nancy-Université, France. They applied high-voltage 
alternating current (AC) fields in air to materials such as acridine orange, either deposited on or 
dissolved in cellulose or cellophane thin films. The proposed mechanism was either direct 
excitation of the dye molecules or excitation of electrons.3-6 In 1960, Martin Pope and co-workers 
at New York University developed ohmic dark-injecting electrode contacts to organic crystals.7-9 
They further described the necessary energetic requirements (work functions) for hole and 
electron injecting electrode contacts. These contacts are the basis of charge injection in all 
modern OLED devices. Pope's group also first observed direct current (DC) electroluminescence 
under vacuum on a pure single crystal of anthracene and on anthracene crystals doped with 
tetracene in 196310 using a small area silver electrode at 400 V. The proposed mechanism was 
field-accelerated electron excitation of molecular fluorescence. Pope's group reported in 196511 
that in the absence of an external electric field, the electroluminescence in anthracene crystals is 
caused by the recombination of a thermalized electron and hole, and that the conducting level of 








DTT pyrene  
Figure 2.2. Organic materials 
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Also in 1965, W. Helfrich and W. G. Schneider of the National Research Council in 
Canada produced double injection recombination electroluminescence for the first time in an 
anthracene single crystal using hole and electron injecting electrodes,12 the forerunner of modern 
double injection devices. In the same year, Dow Chemical researchers patented a method of 
preparing electroluminescent cells using high voltage (500–1500 V) AC-driven (100–3000 Hz) 
electrically-insulated one millimetre thin layers of a melted phosphor consisting of ground 
anthracene powder, tetracene, and graphite powder.13 Their proposed mechanism involved 
electronic excitation at the contacts between the graphite particles and the anthracene molecules. 
Device performance was limited by the poor electrical conductivity of contemporary organic 
materials. This was overcome by the discovery and development of highly conductive 
polymers.14 Electroluminescence from polymer films was first observed by Roger Partridge at the 
National Physical Laboratory in the United Kingdom. The device consisted of a film of poly(n-
vinylcarbazole) up to 2.2 micrometres thick located between two charge injecting electrodes. The 
results of the project were patented in 197515 and published in 1983.16-19 The first diode device 
was reported at Eastman Kodak by Ching W. Tang and Steven Van Slyke in 1987.20 This device 
used a novel two-layer structure with separate hole transporting and electron transporting layers 
such that recombination and light emission occurred in the middle of the organic layer. This 
resulted in a reduction in operating voltage and improvements in efficiency and led to the current 
era of OLED research and device production. Research into polymer electroluminescence 
culminated in 1990 with J. H. Burroughes et al. at the Cavendish Laboratory in Cambridge 
reporting a high efficiency green light-emitting polymer based device using 100 nm thick films 
of poly(p-phenylene vinylene).21 
 
2. 3. Material technologies 
2. 3. a. Small molecules 
Efficient OLEDs using small molecules were first developed by Dr. Ching W. Tang et al.22 
at Eastman Kodak. The term OLED traditionally refers specifically to this type of device, though 
the term SM-OLED is also in use. Molecules commonly used in OLEDs include organometallic 
chelates (for example Alq3, used in the organic light-emitting device reported by Tang et al.), 
fluorescent and phosphorescent dyes and conjugated dendrimers. A number of materials are used 
for their charge transport properties, for example triphenylamine and derivatives are commonly 
used as materials for hole transport layers.23 Fluorescent dyes can be chosen to obtain light 
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emission at different wavelengths, and compounds such as perylene, rubrene and quinacridone 















Figure 2.3. Commonly used in small molecule OLEDs 
Alq3 has been used as a green emitter, electron transport material and as a host for yellow 
and red emitting dyes. The production of small molecule devices and displays usually involves 
thermal evaporation in a vacuum. This makes the production process more expensive and of 
limited use for large-area devices than other processing techniques. However, contrary to 
polymer-based devices, the vacuum deposition process enables the formation of well controlled, 
homogeneous films, and the construction of very complex multi-layer structures. This high 
flexibility in layer design, enabling distinct charge transport and charge blocking layers to be 
formed, is the main reason for the high efficiencies of the small molecule OLEDs. Coherent 
emission from a laser dye-doped tandem SM-OLED device, excited in the pulsed regime, has 
been demonstrated.25 The emission is nearly diffraction limited with a spectral width similar to 
that of broadband dye lasers.26 
 
2. 3. b. Polymer light-emitting diodes 
Polymer light-emitting diodes (PLED), also light-emitting polymers (LEP), involve an 
electroluminescent conductive polymer that emits light when connected to an external voltage. 
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They are used as a thin film for full-spectrum colour displays. Polymer OLEDs are quite efficient 
and require a relatively small amount of power for the amount of light produced. Vacuum 
deposition is not a suitable method for forming thin films of polymers. However, polymers can 
be processed in solution, and spin coating is a common method of depositing thin polymer films. 
This method is more suited to forming large-area films than thermal evaporation. No vacuum is 
required, and the emissive materials can also be applied on the substrate by a technique derived 







Figure 2. 4. poly(p-phenylene vinylene) and polyfluorene used in the first PLED 
 
However, as the application of subsequent layers tends to dissolve those already present, 
formation of multilayer structures is difficult with these methods. The metal cathode may still 
need to be deposited by thermal evaporation in vacuum. An alternative method to vacuum 
deposition is to deposit a Langmuir-Blodgett film. Typical polymers used in PLED displays 
include derivatives of poly(p-phenylene vinylene) and polyfluorene. Substitution of side chains 
onto the polymer backbone may determine the colour of emitted light29 or the stability and 
solubility of the polymer for performance and ease of processing.30 While unsubstituted poly(p-
phenylene vinylene) (PPV) is typically insoluble, a number of PPVs and related poly(naphthalene 
vinylene)s (PNVs) that are soluble in organic solvents or water have been prepared via ring 
opening metathesis polymerization.31, 32, 33  
 
2. 3. C.16 Phosphorescent materials 
Like all types of OLED, phosphorescent OLEDs emit light due to the electroluminescence 
of an organic semiconductor layer in an electric current. Electrons and holes are injected into the 
organic layer at the electrodes and form excitons, a bound state of the electron and hole. 
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Electrons and holes are both fermions with half integer spin. An exciton formed by the 
recombination of two such particles may either be in a singlet state or a triplet state, depending 
on how the spins have been combined. Statistically, there is a 25% probability of forming a 
singlet state and 75% probability of forming a triplet state.34, 35 Decay of the excitons results in 
the production of light through spontaneous emission. In OLEDs using fluorescent organic 
molecules only, the decay of triplet excitons is quantum mechanically forbidden by selection 
rules, meaning that the lifetime of triplet excitons is long and phosphorescence is not readily 
observed. Hence it would be expected that in fluorescent OLEDs only the formation of singlet 
excitons results in the emission of useful radiation, placing a theoretical limit on the internal 









Figure 2. 5. Ir(mppy)3, a phosphorescent dopant which emits green light 
 
However, phosphorescent OLEDs generate light from both triplet and singlet excitons, 
allowing the internal quantum efficiency of such devices to reach nearly 100%.37 This is 
commonly achieved by doping a host molecule with an organometallic complex. These contain a 
heavy metal atom at the centre of the molecule, for example platinum or iridium, of which the 
green emitting complex Ir(mppy)3 is just one of many examples.
38 The large spin-orbit 
interaction experienced by the molecule due to this heavy metal atom facilitates intersystem 
crossing, a process which mixes the singlet and triplet character of excited states. This reduces 
the lifetime of the triplet state, therefore phosphorescence is readily observed.  Due to their 
potentially high level of energy efficiency, even when compared to other OLEDs, PHOLEDs are 
being studied for potential use in large-screen displays such as computer monitors or television 
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screens, as well as general lighting needs. One potential use of PHOLEDs as lighting devices is 
to cover walls with large area PHOLED light panels. This would allow entire rooms to glow 
uniformly, rather than require the use of light bulbs which distribute light unequally throughout a 
room. The United States Department of Energy has recognized the potential for massive energy 
savings via the use of this technology and therefore has awarded 200 000 US$ in contracts to 
develop PHOLED products for general lighting applications.39 
 
2. 4. Thiophene and Thiophene Derivatives 
Thiophene is the heterocyclic compound with the formula C4H4S. Consisting of a flat five-
membered ring, it is aromatics as indicated by its extensive substitution reactions, which 
chemical structure as shown in Figure: 2.6. Thiophene is one of the most studies heterocycles : it 
is easy to process, chemically stable, and its synthetic applications have been a constant matter of 
investigation for the last six or seven decades. The interest in this heterocycle has spread from 
early dye chemistry40 to modern drug design,41 electronic and optoelectronic devices,42,43 
biodiagnostics,44 block copolymer self-assembled superstructures, and conductivity-based 
sensory devices.45,46 Curiously, some fundamental aspects, such as the ‘aromaticity’ of thiophene 








Figure 2.6.  The molecular structure of thiophene (C4H4S) 
 
Accordingly, in this chapter, a brief introduction of both thiophene-based fluorescent light-
emitting materials will be summarized, which were reported in recent literatures. Earlier papers 
from our laboratory introduced a new class of fluorescent labeling reagents based on 
oligothiophenes functionalized with isothiocyanate and succinimidyl ester as amine-reactive 
groups.48-51 Thiophene-based fluorophores show high fluorescence quantum yields, large Stokes 
shifts, and high photostability and chemical stability. Furthermore, they are amenable to easy 
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structural modifications for the tuning of the emission color, are insensitive to pH, and have 
fluorescence spectra covering the entire visible range.48-51 
 
2. 4. a. Thiophene-based fluorescent light-emitting materials 
Thiophene-based compounds have found remarkable applications as electroactive and 
light-emitting materials in a variety of (opto)-electronic devices, as optical transducers in 
biosensors and as fluorescent markers for biopolymers.52 The search for design strategies to tune 
the electronic properties, mantaining both solubility and desired self- assembly features for low-
cost processing, is actively being pursued.52a Thienyl ring chemical modifications,53 shape 
engineering,54 and supramolecular organization through spe-cific noncovalent interactions55 are 
among the most investi-gated approaches. Introduction of planar electron-rich or electron-
deficient fused heterocycles into the oligothiophene backbone influences the frontier orbitals 
energies and the self-assembly capability.56 Moreover, the inner planar core combined with alkyl 
ends promotes liquid crystallinity (LC).57 Less attention has been devoted to the effects of the 
insertion of alkyl-bridged heterocycles.58 Methylene- or alkoxyalkyl-bridged bithienyl cores 
induce conformational changes that strongly affect the extent of π-π delocalization and thus the 
spectral features.58e 
Direct addition of tetracyanoethylene to N-(p-hexylphenyl)dithieno[3,2-b:2′,3′-d]pyrrole 
yields not only the aromatic mono- and bis-tricyanovinyl-substituted products but also a 
quinoidal product with dicyanomethylene groups. The analogous reaction with dithieno[3,2-
b:2′,3′-d]thiophene yields exclusively the aromatic mono-tricyanovinyl product. The aromatic 
and quinoidal products possess red-shifted absorptions, increased electron affinities, and 
favorable π-stacking motifs in comparison to the unsubstituted oligomers. 
 
 
Figure 2. 7. Structure of BTCV-DTP and DTP-Q 
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Many new thiophene oligomers have been prepared with the aim of making them suitable 
for solution-processing deposition techniques, in order to obtain highly organized thin films by 
casting. In particular, A. R. Murphy et al. reported the synthesis of a very soluble sexithiophene 
containing thermally removable ester groups in the a and w terminal positions (Fig 2.8), 59 A new, 
interesting class of oligomers is that reported by J. L. Fillaut et al., who described the synthesis of 
ruthenium oligothienylacetylide complexes with high third-order nonlinear opticalactivities, with 
could be tuned by changing the size of theoligothiophene. 60 
 
 
Figure 2.8. Molecular structures of some of the recently synthesized thiophene-based materials 
featured in this review. 
 
G. sonmez et al. reported the synthesis and electrochemical and optical properties of a low-
band gap thiophene-based polymer whose films on indium tin oxide(ITO) showed remarkable 
optical properties upon both p- and n- doping.61 The same authors were also able to obtain three 
primary colors (blue, green, and red, Figure 2.9) of good quality, in terms of a chromaticity 
diagram, from functionalized polythiophene, allowing the realization of many other colors by 
mixing the polymers in the right proportions.  
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Figure 2. 9. Structure of blue, green, and red electrochromic polythiophenes and 
colorsachievedby mixing the polymers in the appropriate amounts.  
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Chapter 3 








In this chapter the more efficient synthesis routes to substituted and unsubstituted dithienothiophene 
compounds with their optoelectronic properties are presented. 
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3.1. Dithieno[3,2-b:2′,3′-d]thiophene (DTT) 
Dithieno[3,2-b:2′,3′-d]thiophene (DTT, Figure 3.1) is an important building block in the 
synthesis of fused thiophenes 1. Its good conjugation has attracted the attention of researchers, 
and its derivatives have been widely used as organic materials in OLEDs. Dithieno[3,2-b:2’,3’-
d]thiophene has been investi- gated as a donor for a conducting charge-transfer complex or as a 












Figure 3. 1. Structure of dithieno[3,2-b:2’,3’-d]thiophene (DTT) 
 
A thin film of dithienothiophene dimer was reported to show high mobility and a high 
on/off ratio, comparable to that of amorphous silicon, resulting from the closely packed face-to-
face stacking and wide HOMO-LUMO gap of the material.4 Oligomers and polymers containing 
thiophene rings have attracted considerable attention as new functional materials for use in 
molecular devices because of their near-metallic conductivity, among the thiophene derivatives, 
fused ring systems such as thienothiopene and dithienothiophene have emerged as excellent 
building blocks in the synthesis of a variety of opto-electronic materials. In recent years much 
interest has been directed to dithieno[3,2-b:2’,3’-d]thiophene(DTT) as a unit in semiconducting 
organic materials in particular, the dimer α, α’-bis(dithieno[3,2-b:2’,3’-d]thiophene and its 
derivatives have been used as high mobility semiconductors in field-effect transistors, with field-
effect mobilities of up to 0.05 cm2V-1s-1 being recorded. Fused dithiophene-base compounds, in 
general, are promising candidates for an application in organic electronics as they provide a high 
degree of  conjugation due to their rigidified, planar structure which intrinsically affords smaller 
HOMO–LUMO gaps. With an application in, for example, full color OLED-based displays in 
mind, it would, however, be highly desirable to access further materials with different emission 
colors. This goal can be achieved by extending the degree of π conjugation within the materials, 
as this strategy generally affords smaller band gaps. 
Dithieno[3,2-b:2′,3′-d]thiophene (DTT) is an important building block for a wide variety 
of functional organic materials. In particular, DTT has been employed in materials acting as the 
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active layer in organic thin-film transistors (OTFTs).6 The fused structure of DTT can promote π-
stacking7,8 which is predicted to be a favorable motif for high charge transport in devices.9 This 
approach can help create molecular materials with low-energy electronic transitions based on 
donor-acceptor interactions.10  
With an application in, for example, full color OLED-based displays in mind, it would, 
however, be highly desirable to access further materials with different emission colors. This goal can 
be achieved by extending the degree of π conjugation within the materials, as this strategy generally 
affords smaller band gaps.
 
 
3. 2. Studies on Synthesis of Dithieno[3,2-b:2′,3′-d]thiophene (DTT) 










CuCl2, -78C to RT
n-BuLi, -78C
(PhSO2)2S, RT
1 2 5  
Scheme 3. 1. Usual route to dithieno[3,2-b:2’,3’-d]thiophene 5 
 
3-Bromothiophene 1 is lithiated with n-butyllithium and reacted with benzenesulfonic acid 
thioanhydride. The resulting 3,3’-dithienylsulfide 2 is again treated with n-butyl-lithium and then 
with cupric chloride, to yield the desired target 5. In our hands the total yield has varied from 
10 % up to 35 % ( which is the reported yield)11. These low yields can be attributed mainly to the 
low-yielding distillation of the dithienyl sulfide 2, and to an anticipated low selectivity of the 















(PhSO2)2S, RTCuCl2, -78C to RT
n-BuLi, -78C
 
Scheme 3. 2. Synthesis of dithieno[3,2-b:2’,3’-d]thiophene by Allared in 2002. 
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The most recent syntheses of DTT were reported in 2002, by Hellberg and cowrkers12 in 
Sweden, and by Holmes and Frey 13 in Cambridge, UK. Although the route reported by Hellberg 
appears to be more convenient in having fewer synthetic steps, the present method has several 
advantages. Each of the intermediates is a solid that requires no purification before taking 



























LiOH,  THF, 70°C
HCl, 4h
Cu, quinoline
230°C, 1h 30min S
S S
5  
Scheme 3. 3. Synthesis of dithieno[3,2-b:2’,3’-d]thiophene by Frey in 2006. 
 
We therefore decided to attempt a radically different approach in which the two outer 
thiophenes are built onto the central ring. Inspired by the extensive work of Iddon and coworkers 
on the synthesis of thienothiophenes14 we elaborated the double annelation process shown in 
Scheme 3.15 
 
3. 3. Result and discussion 



















Scheme3. 4. Synthetic routes for 7. 
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An oven-dried, 500 mL, three-necked, roundbottomed flask is equipped with a magnetic 
stir bar, a low-temperature thermometer, a rubber septum and a three-way stopcock to which an 
argon balloon is attached. Under a gentle flow of argon, the flask is charged with 
tetrabromothiophene 6 (10.0 g, 25.0mmol) and freshly-distilled tetrahydrofuran (125 mL). The 
solution is cooled with a dry ice/2-propanol bath to an internal temperature of less than −76 °C 
and a solution of butyllithium (32 mL, 1.6 M in hexanes, 50 mmol, 2 equiv) is added via syringe. 
The addition proceeds at a rate that keeps the internal temperature below −76 °C, usually taking 
30 min. When the addition is complete, the brown solution is stirred at about −76 °C for 30 min. 
Dry N-formylpiperidine (6.25 mL, 56.3 mmol, 2.25 equiv) is added quickly (in about 10 s) by 
syringe to the reaction mixture, which is then allowed to warm slowly to ambient temperature 
overnight. The reaction mixture is cooled to 0 °C in an ice-water bath, and hydrochloric acid 
(62.5 mL, 6 M) is added slowly to the reaction mixture, causing a yellow precipitate to form. The 
mixture is stirred at 0 °C for 45 min then filtered immediately under vacuum through a 
sinteredglass funnel. The solid is washed with water (100 mL) and dried in the funnel under 
vacuum for 30 min before being dried further in a vacuum dessicator (25 mmHg, overnight, silica 
gel dessicant with moisture indicator to give the crude dialdehyde 7 (4.98 g, 68 %) .The material 
is carried forward without further purification. 
 
















Scheme 3. 5. Synthetic routes for  8. 
 
In an oven-dried 300 mL, two-necked, round-bottomed flask equipped with a magnetic stir 
bar, nitrogen inlet and rubber septum, 3,4-dibromo-2,5-diformylthiophene 7 (4.5 g, 15 mmol) is 
suspended in anhydrous N,N-dimethylformamide (140 mL). Anhydrous potassium carbonate 
(5.39 g, 39 mmol, 2.6 equiv) and ethyl 2-mercaptoacetate (3.7 mL, 33.75 mmol, 2.05 equiv) are 
added to the slurry, causing a slight exotherm, and the reaction mixture is stirred under nitrogen 
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at ambient temperature for three days. The dark solution is poured into a beaker containing 280 
mL of water stirred with a magnetic stir bar, and a yellow precipitate forms. The aqueous 
suspension is extracted with dichloromethane (3 × 140 mL). The red organic extracts are 
combined, washed with brine (3 × 200 mL) and dried over anhydrous magnesium sulfate. After 
filtration through fluted filter paper, the solvents are evaporated on a rotary evaporator and a 
yellow solid begins to form. When the volume of solvent remaining is about 50 mL, the solid is 
filtered under vacuum on a Büchner funnel, washed with water (50 mL) and dried in a vacuum 
dessicator (7–8 mmHg, overnight, silica gel dessicant with moisture indicator) to give the crude 
diester 8 (2.63 g, 51.4 %). The material is carried forward without further purification. 
 










LiOH,  THF, 70°C
HCl
 
Scheme 3. 6. Synthetic routes for 9. 
 
In a 300 mL, onenecked, round-bottomed flask equipped with a magnetic stir bar and 
reflux condenser under a static argon atmosphere, dithieno[3,2-b:2',3'-d]thiophene-2,6-
dicarboxylic acid diethyl ester 8 (2.00 g, 5.9 mmol) is suspended in tetrahydrofuran (30 mL). An 
aqueous solution of 1- M lithium hydroxide (30 mL, 30 mmol, 5.1 equiv.) is added, causing the 
color of the suspension to change from yellow to terracotta. The mixture is heated to 70 °C (oil 
bath temperature) and stirring is maintained at this temperature for 22 h to give an orange 
solution. The solid is evaporated on a rotary evaporator until the volume remaining is about 3.783 
g. The solution is acidified with 1 M hydrochloric acid (40 mL) to give a white precipitate with 
some slight foam. The solid is filtered slowly under vacuum on a Büchner funnel and washed 
sequentially with water (100 mL), methanol (40 mL) and diethyl ether (10 mL). Finally, the solid 
is dried overnight in a high vacuum oven (40 °C, approx. 0.02 mmHg) to afford the crude diacid 
9 (1.639 g, 98 %). The material is carried forward without further purification. 
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Scheme 3. 7. Synthetic routes for DTT(5). 
 
In a 50 mL, two-necked, round-bottomed flask equipped with a magnetic stir bar, a reflux 
condenser and an internal thermometer, dithieno[3,2-b:2',3'-d]thiophene-2,6-dicarboxylic acid 9 
(3.0 g, 10.58 mmol) and copper powder (670 mg, 10.58 mmol, 1 equiv) are suspended in 
quinoline (20 mL). The mixture is heated to reflux at 230 °C for 1 h 30 min using a heating 
mantle. Ethyl acetate (40–60) is added to the cooled reaction mixture and the organic layer is 
decanted into a 500 mL separatory funnel. The organic phase is washed with 2 M hydrochloric 
acid (3 × 70 mL) and brine (100 mL). The organic layer is then dried over anhydrous magnesium 
sulfate, filtered through a fluted filter paper and the solvent is removed on a rotary evaporator to 
give a pale yellow oil. The solid is evaporated on a rotary evaporator until the volume remaining 
is about 2.14 g. The residue is dissolved in a small amount of dichloromethane and filtered 
through a short column of silica, using Hexane as eluent. The eluent is concentrated on a rotary 
evaporator to give a white crystalline solid. The solid is recrystallized by dissolving in 2 mL of 
dichloromethane at 30 °C, adding methanol dropwise at a rate of one drop every 5 seconds to the 
solution until it becomes cloudy (about 5 mL), adding another drop of dichloromethane to 
remove the cloudiness and allowing the solution to cool to ambient temperature for 30 min. The 
resulting crystals are collected under vacuum on a Büchner funnel, washed with ice-cold 
methanol (10 mL), dried in the funnel under vacuum and transferred to an appropriate vial to be 
further dried in a vacuum dessicator (25 mmHg, overnight, silica gel dessicant with moisture 
indicator) to give the purified dithieno[3,2-b:2',3'-d]thiophene 5 (1.98 g, 95 %). 
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Chapter 4 
Synthesis and fluorescence emission properties of 2, 6-bisaryl 










A novel thiophene-based highly pure blue fluorescent and stable molecule, 2, 6-bisaryl 
dithieno[3,2-b:2',3'-d]thiophene, is successfully synthesized via a Pd-catalysed Suzuki coupling 
reaction of of 2, 6-dibromodithieno[3,2-b:2',3'-d]thiophene with arylboronic acid. The photo- 
properties were examined in detailed and these data indicated its potential application as blue-
emitting materials in organic light-emitting diodes (OLEDs). 
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4. 1. Introduction 
Dithieno[3,2-b:2′,3′-d]thiophene (DTT) is an important building block for a wide variety of 
functional organic materials. In particular, DTT has been employed in materials acting as the 
active layer in organic thin-film transistors (OTFTs).1 The fused structure of DTT can promote π-
stacking2,3 which is predicted to be a favorable motif for high charge transport in devices.4 This 
approach can help create molecular materials with low-energy electronic transitions based on 
donor-acceptor interactions.5 
With an application in, for example, full color OLED-based displays in mind, it would, 
however, be highly desirable to access further materials with different emission colors. This goal 
can be achieved by extending the degree of π conjugation within the materials, as this strategy 
generally affords smaller band gaps. Recently, this problem is mainly solved by the introduction 
of bulky or heavy branched side chains into pyrene molecules or co-polymerization with a 
suitable bulky comonomer. More recently, it was reported that thiophene derivatives were used 
as blue-emitting material in OLED by introducing long or branched side chains.6,7 
With this understanding as above mentioned, in this chapter, I present herein the first 
examples of the synthesis and photophysical properties of a new series of planar molecular confo
r m a t i o n  structures π-conjugated pure-blue light-emitting molecules, namely, 2, 6-bisaryl 
substituted DTTs derivatives, in which -functionalized arylboronic acids groups were 
successfully introduced into thiophene core at 2, 6-positions afforded a p l a na r  molecular 
conjugation structures by using a modified Suzuki-Miyaura coupling reaction. The introduction 
of the arylboronic acids groups is expected to extend the conjugation length of thiophene 
chromophore resulting to shift the wavelength of absorption and fluorescence emission into the 
pure blue visible region of electromagnetic spectrum and to improve the fluorescence quantum 
yields. The two bulky tert-buyl groups on thiophene molecules at 2-, 6-positions were a priori 
anticipated to inhibit the close face-to-face -stacking interactions between DTTs units, and 
finally to impart to the improvement of high solubility and high thermal stability to these 
molecules. Furthermore, studies on the electronic UV-Vis absorption and fluorescence emission 
properties of these molecules will fully be presented. 
 
4. 2. Result and discussion 
4. 2. a. Synthesis 
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Bromination of 5 with N-bromosuccinimide (NBS), CH3COOH, on the other hand, 
proceeded more efficiently at room temperature for 2 h in an acetic acid/chloroform solution 
following a literature procedure for related thiophenes8 to afford the 2, 6-dibrominated derivative 












Scheme 4. 1. Synthesis of 2, 6-dibromodithieno[3,2-b:2',3'-d]thiophene (10). 
 
The structure of compound 10 was assigned by spectra data and elemental analysis. The 
compound 10 is supported by its 1H NMR resonance (300 MHz, CDCl3) at 7.28 ppm that 
related to other known dithienothiophene9 at 7.27 ppm. The structure of the compound 10 








12b: Ar =                            (27%)
12c: Ar =                                    (29%)
12a: Ar =                     (74.3 %)
S








Scheme 4. 2. Synthesis of 2, 6-bisaryl substituted DTTs derivatives 12a-c. Reagent and 
conditions: (a) Pd(PPh3)4, Na2CO3, dry THF, 28h, reflux. 
 
The modified Suzuki-Miyaura cross-coupling reaction10 of the dibrominated DTT 10 with 
various kinds of arylboronic acids 11 produced at room temperature for 28 h in dry THF. The 
corresponding 2,6-bisaryl substituted DTTs derivatives 12a-c in excellent yields 
(recrystallization yields) as light-blue fluorescent solids. (Scheme 4. 2.)  
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All structures for these novel thiophene derivative compounds 12a-c were fully 
characterized basis on theirs 1H/13C NMR, Mass spectroscopy and elemental analysis. Both of 
all compounds show 1H-NMR (300 MHz, CDCl3) resonances that are slightly downfield 
shifted from those of the halogenated monomer with position of DTT protons 
ppm (12a), ppm (12b) and ppm (12c), respectively. 1H-NMR spectral 
data (300 MHz, CDCl3) of 12a shows double singlets at 7.37 ppm, 7.56 ppm and 7.27 ppm 
for phenyl protons. 1H-NMR spectral data (300 MHz, CDCl3) of 12b shows double singlets 
(relative intensity 1:1) at =7.59 ppm, 7.44 ppm for phenyl protons and the protons of the tBu 
group appeared as a singlet at δ = 1.36 ppm (Figure 4. 1.). In addition to, 1H-NMR spectral data 
(300 MHz, CDCl3) of 12c shows a singlet at δ = 8.07-8.23 ppm for the pyrene ring protons and a 
singlet at δ = 8.62 ppm for 2-position pyrene protons and the protons of the t-Bu group appeared 
as a singletat δ = 1.61 ppm, respectively (Figure 4. 2.). These data strongly support the 
assignment of structure of 2, 6-Bis(4-tert-butylphenyl)DTT 12b, and 2,6-Bis(7-tert-butyl-1-
pyrenyl)DTT 12c. These results also strongly suggest the tert-butyl group on the benzene ring 
protect the electrophilic attack at 2 and 6 positions.    
Simultaneously, the structures of 12a and 12c are also established on the basis of the base 
peak molecular ion at m/z 348.08 and 708.02 in their mass spectrum. All results were consistent 
with the proposed structures. On the other hand, these three 2, 6-bisaryl substituted DTTs 12a-c 
are stable solid that can be stored in air at room temperature for a prolonged period of time. All 
these compounds have a good solubility in all the common organic solvents including hexane 
with high melting point up to 280℃, 290℃ and 332℃, respectively. 
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Figure 4. 1. 1H NMR spectra of compounds 12(b) in CDCl3 at room R.T. 
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4. 2. b. X-ray Molecular Structure and Crystal Packing 
In order to investigate the target molecule in detail, suitable crystals of compound 12b was 
obtained as pale yellow prisms by using binary solvent systems of CHCl3 (in) and hexane 
(out).This monomer was obtained as yellow needles and provided excellent quality data. The 
selected crystal data for 12b are presented in Table 1. The compound 12b crystallizes in the 
orthorhombic crystal system with space group P na 21, This structure is symmetry system and the 
phenyl ring and DTT ring are in the same planer.  The structure of 12b reveals a nearly planar 
molecular conformation with a packing arrangement consisting of off-set stacking dimmers 
(Figure 4. 3 - 4. 4). The ditienothiophene molecules exhibit essentially all-coplanar arrangements 








Figure  4. 3. X-ray crystal-structure diagrams of 12b (i) top view; (ii) side view. 
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Parameter                                                      12b
Empirical formula                                          C28H28S3
Formula weight [g mol -1]                             460.71
Temperature [K]                                            113
Wavelength [Å ]                                             0.71073
Crystal system                                                Orthorhombic
Space group                                                   P na 21
Crystal colour and size [mm]                         unknown 0.250.200.10
a [Å ]                                                               37.342(6)
b [Å ]                                                               10.5610(18)
c [Å ]                                                               5.9981(10)
 [°]                                                                90
[°]                                                                90
 [°]                                                               90
Volume [Å 3]                                                  2365.5(7)
Z                                                                     4
Density, calcd. [g m -3]                                 1.294
Absorption coefficient [mm-1]                      2.949
F (000)                                                           976
q range for data collection [°]                        3.55 to 68.29
Reflections collected                                      30309
Independent reflections                                  4288
Observed data [F2 > 2s(F2)]                          4063
Rint                                                                          0.0447
Restraints/parameters                                    286
Goodness-of-fit on F2                                    1.063
R1 [F2 > 2(F2)]                                           0.0302
wR2 (all data)                                                0.0751
Table 4. 1. Crystal data and structure refinement for 12b
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Figure  4. 4. Packing diagrams of 12b ; view parallel to b, highlighting the π-π stacking 
 
The crystal packing of thiophene molecules has been studied previously. As shown in 
Figure 4.5 and 4. 6, the present molecule 12b are packed in herring-bone pattern of arrangement 
in a single dimension. However the overall arrangement of the molecules in a crystal lattice 
shows pattern of the arrays.(Figure 4.5.) Interesting, a infinite molecular chain ladder-like was 
formed by intermolecular interaction and the distance is 3.234 Å  (S32-C14) between neighbor 
thiophene ring, meanwhile, C-H•••π (C24-H24•••C5=2.850 Å) bond was observed in the packing 
structure.  
These results strongly indicated that the two bulky tert-butyl groups attached in the 
benzene rings of rigid DTT core play an important role for suppressing the fact to face π-π 
stacking in the solid state. 
These longer inter planar distance, which is due to the presence of the bulky tert-butyl 
group, could justify the greater solubility of synthesized compounds. However, the parallel 
pseudo-stacking between tert-butyl groups and sideways benzene rings were observed in the 
crystal packing of 12b (Figure 4. 5) In crystal packing, the tert-butyl and lateral rings of adjacent 
molecules lies on planes at the average distance of short contact ca. 2.630 Å  (Table 4.3) which is 
suggestive of partial but remarkable intermolecular interaction leading to the strong herring-bone 
array of molecules Figure 4. 6. in crystal lattice.  
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Figure 4. 6. Space filled diagram of 12b showing the π-π -stacking and herring-bone pattern of 
arrangement  
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Surprisingly, the DTT units exist in a syn arrangement with the thiophene subunits; 
oligothiophenes usually show an anti-configuration that is stabilized by intramolecular S···H 
interactions with the H atom attached to the thiophene.5.6      
Similarly the torsonal angles along the inner helical rim of upper limbs S1-C11-C5-C16 are 
measured as 7.64° and the torsonal angles along the inner helical rim of lower limbs S2-C14-
C18-C30 are measured as 0.80°. The extended degree of-conjugation in both molecules of 12b 
is also supported by elongated C-C double bonds as well as shorten C-C single bonds of the 
central framework.  
Remarkably, the molecular packing of 12b displays an intriguing feature for potential 
applications in organic electronics, as all molecules within the crystal show a significant degree 
of  stacking between the dithienothiophene moieties of different layers. This feature could allow 
for a well-defined intermolecular communication of 12b in the solid state that is essential for its 
performance in electronic devices.7, 8, 9 
 
4. 2. c. Photo Physical Properties 
Consequently, a series of substituted 2, 6-bisaryl substituted DTTs derivatives 12a, 12b 
and 12c have been succeeded to prepare. The electronic absorption and fluorescence-emission 
data for thesecompounds are summarized in Table 4. 2. The UV-Vis absorption spectra of 2, 6-
bisaryl substituted DTTs derivatives 12a, 12b and 12c in CH2Cl2 along with that of DTT (5) are 
shown in Figure 4. 5. The spectra were recorded in CH2Cl2 in the range of 1 ×  10
–5 M 
concentration at room temperature. For these 2, 6-bisaryl substituted DTTs derivatives12a, 12b 
and 12c, the spectra are almost identical and three absorption bands were observed in the range of 
350-400 nm. 
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Figure 4. 5. Normalized UV-vis absorption spectra of DTT and 12a-c recorded in CH2Cl2 at about 
10-5 M and 25℃. 
 
The UV-Vis absorption spectra of compound 12 with dithieno[3,2-b:2',3'-d]thiophene 5, all 
spectra are broad, less well resolved and the longest wave length hyperchromic absorption 
maximum of 12a, 12b and 12c occurs at 369, 370, and 399 nm respectively (Table 4. 2), which 
are bathochromically red-shifted by 78-108nm arising from the introduced aryl units at 2, 6-
positions.  
In addition, among these compounds 12, the 7-tert-butyl-1-pyrenyl substituted DTTs 
derivatives 12c display the largest bathochromic shift of the absorption bands, which could be 
attributed by the strongest electron donating nature of pyrene compared to –H or –butyl 
substituent. Therefore, pyrene substituted at the latter position must be prepared in ways other 
than by direct electrophilic substitution of pyrene itself.10 This result also shows a slight 
substitution effects in UV-Vis spectra of 12. With the increase of electron donating nature of the 
substituent, the UV-Vis spectra were found to be more batho-chromically red shifted i.e. 12a < 
12b < 12c. 
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370 415 (370) 4512b
12c 399 498 (393) 99









Table 4. 2. Optical absorption and emission spectroscopic data for 
12a-c, in CH2Cl2(10
-5-10-7M)at room temperature, compared with
that of 5[a]
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute
quantum yields ( 0.01- 0.03) in dichloromethane.  
 
Upon excitation, a dilute solution (~10-7 M) of compound 12a, 12b and 12c along with 5 in 
dichloromethane at room temperature on excitation at each absorption maximum shows broad 
band blue emission, (Figure 4. 6). Compared with the lower energy emission band of 
dithieno[3,2-b:2',3'-d]thiophene 5, the emission band of 12a, 12b and 12c were found to be 
bathochromically red shifted at 411, 415 and 498 nm, respectively.       
All the fluorescence emission bands are broad but almost identical. The emission band was 
observed in the visible pure-blue region with a small shoulder at longer wave length. However 
the fluorescence stokes shift increase in the order of 12a < 12b < 12c.  
The fluorescence quantum yields of 12a-c and 5 recorded in dilute CH2Cl2 solution at 
room temp. are also listed in Table 2. We found the Φf values of 12a–c and 5 to be in the range of 
0.01–0.35 relative to that of 9, 10-diphenylanthracence (0.90 in cyclohexane).11 
Figure 4. 7. show the effect of concentration on the fluorescence emission of compound 
12b and in dichloromethane at room temperature. With increasing concentration of 12b from 1.0 
× 10-8 M (line 1) to 1.0 × 10-4 M (line 10), the emission corresponding to only the monomer at 
415 nm was observed and the intensity of this emission band gradually increased. This result 
strongly indicated that this compound does exhibit excimer at concentration of 10-5 M and even 
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higher concentrations. This evidence also indicated that the attachment of 12b from getting close 
enough to result in excimer emission at high concentrations. The reason is the fact that the 
attachment of statically hindered substituents to the two bulky tert-butyl groups on the benzene 
rings at 2, 6-positions in 12b play an very important role for inhibiting the close face-to-face -
stacking interaction between neighboring DTT units. 
 
 
Figure 4. 6. Fluorescence emission spectra of DTT and 12a-d recorded in CH2Cl2 at about 10
-7 M 
and 25℃.  
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Figure 4. 7. Effect of concentration on the fluorescence emisson spectra of 12b recorded in CH2Cl2 at 
room temp. (1) 1.0×10-8 M, (2) 2.5×10-8 M, (3) 1.0×10-7 M, (4) 2.5×10-7 M, (5) 1.0×10-6 M, (6) 
2.5×10-6 M, (7) 5.0×10-6 M, (8) 2.5×10-5 M, (9) 5.0×10-5 M, (10) 1.0×10-4 M 
 
Figure 4. 8. show the effect of concentration on the fluorescence emission of compound 
12c and in dichloromethane at room temperature on excitation at each absorption maximum. 
With increasing concentration of 12c from 1.0 × 10-8 M (line 1) to 1.0 × 10-4 M (line 10), the 
emission corresponding to only the monomer at 498 nm was observed and the intensity of this 
emission band gradually increased. This result strongly indicated that this compound does not 
exhibit excimer at concentration of 10-5 M and even higher concentrations. It must be noted here 
that several 1, 3, 6, 8-Tetra-phenylethynyl-substituted pyrene derivatives showed very low 
values of quantum efficiency in solution due to the free rotation of the phenyl substituents that 
are conjugated with the pyrene chromophore is possible, which results to allow competing 
nonradiative pathways for the decay of the excited singlet state.12 
In order to obtain more insight of their photophysical properties these new coplaner-shaped 
conjugation compounds, the normalized absorption spectra and emission spectra of compound 
12b and 12c in various solvents are determined and the optical data are summarized in Table 4. 3.  
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Figure 4. 8. Effect of concentration on the fluorescence emission spectra of 12c recorded in CH2Cl2 at 
room temp. (1) 1.0×10-8 M, (2) 2.5×10-8 M, (3) 1.0×10-7 M, (4) 2.5×10-7 M, (5) 1.0×10-6 M,(6) 




































[a] all measurements were performed under degassed conditions.[b] abs  is the absorption band 
appearing at the longest wavelength at about 10-5 M in the different solvents. [c] ex is the
fluorescence band appearing at the shortest wavelength at about 10-7 M in the different
solvents. [d] Fluorescence quantum yields; the values ( are relative to that of
diphenylanthracene (0.90 in cyclohexane)
Table 4. 3. Opital absoprtion and emission spectroscopic data for 12b and 12c in various solvents 
(ca. 10-5-10-7M) at room temp.[a]
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It is well-known that solvatochromitic affect is not only depend on molecular structure, but 
also depend on the nature of the chromophore, as well as the solvents.13 Each monomer shows a 
slight solvatochromism in the absorption spectra and emission spectra. For example, for 12c, a 
change of solvent from nonpolar cyclohexane to polar DMF caused only a very slight, positive, 
bathochromic shift in the π-π* absorption band from 390 to 399 nm (Figure 4. 10-(I)). On the 
other hand, in the case of the emission spectrum of 12c, we observed a substanial positive 
bathochromism with a peak around 487 nm and a shoulder around 490 nm in cyclohexane 
(Figure 4. 10- (II)), while we observed a broad and red-shifted emission with only one peak at 
max = 504 nm in the solvent of high polarity, DMF. A Similar result was also observed in the 
absorption spectra and emission spectra for 12b (Figure 4. 9-(I) and 4. 9-(II)). These results 
indicated that the µe (dipole moment of 12 in the excited state) should be larger than the µg (the 
dipole moment of 12 in the ground state) because positive solvatochromic effect was observed in 
the absorption spectra and emission spectra.14 On the other hand, the fact that solvatochromic 
effects is more important for emission than for absorption suggests that these current compounds 
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Figure 4. 9. Normalised UV-Vis absorption spectra of 12b (I) and fluoresccence spectra of 12b 
(II) recorded in (a) cyclohexane, (b) THF, (c) CH2Cl2, (d) DMF at ca. 10
-5 M - 10-7 M and 25℃. 
Do JungHee                                                                                                          Saga University, Japan 






Figure 4. 10. Normalised UV-Vis absorption spectra of 12c (I) and fluoresccence spectra of 12c 
(II) recorded in (a) cyclohexane, (b) THF, (c) CH2Cl2, (d) DMF at ca. 10
-5 M - 10-7 M and 25℃ 
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These molecules emit very bright, pure-blue fluorescence and have good solubility in 
common organic solvents and high stability. Figure 4.11 shows emit very bright, pure-blue 
fluorescence in the solution of compound 12a-c and DTT. 
 
Figure 4.11. Fluorescence in the solution of compound 12a-c and DTT.  
 
4. 3. Conclusion 
The modified Suzuki-Miyaura cross-coupling reaction of the dibrominated DTT 10 with 
various kinds of arylboronic acids 11 produced at room temperature for 28 h in dry THF. The 
corresponding 2, 6-bisaryl substituted DTTs derivatives 12a-c. We have prepared a new series of 
well-defined, thiophene-based monomers with planer structures, π-conjugated structures in 
excellent yield and fully characterised the special planar molecular conformation structures.  
The results obtained through inspecting the absorption and emission spectra of these pure 
monomers, indicate that the extension of π conjugation in these thiophene chromophores through 
arylboronic acids substituents serves to shift the wavelength of absorption and fluorescence 
emission into the pure-blue visible region. 
 
4. 4. Experiment 
All melting points are uncorrected. The 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with TMS as an internal 
reference. The IR spectra were obtained as KBr pellets with a Nippon Denshi JIR-AQ2OM 
spectrometer. UV/Vis spectra were obtained with a Perkin–Elmer Lambda 19 UV/Vis/NIR 
spectrometer in various organic solvents. Fluorescence spectroscopic studies were performed in 
various organic solvents in a semimicro fluorescence cell (Hellma® , 104F-  
µL) with a Varian Cary Eclipse spectrophotometer. Fluores-cence quantum yields were measured 
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using absolute methods.Mass spectra were obtained with a Nippon Denshi JMS-HX110A Ultra-
high Performance Mass Spectrometer at 75 eV using a direct-inlet system. Elemental analyses 







: To a solution of dithieno[3,2-
b:2',3'-d]thiophene 5 (1.4 g, 7 mmol) in acetic acid (75 ml), N-bromosuccinimide (2.5 g, 14 
mmol) was added in portion. The mixture was stirred for 2 h, poured in to water, and extracted 
with chloroform ; the organic layer was washed with dilute sodium hydrogen carbonate solution, 
and with water. The solvent was evaporated and the residue was crystallized from light petroleum. 
2,6-dibrommodithieno[3,2-b:2',3'-d]thiophene (2.24 g, 90 %) was obtained as silver needle 
crystal ; m.p : 128 ℃. 1H-NMR (300MHz, CDCl3) ppm) 7.28 (s, 2H), MS (EI): m/z : 
354.0 (M+). Elemental Analysis. C8H2Br2S3 (354.11) : cacld. C. 27.13, H. 0.57, Found : C. 
27.28, H. 0.59 
 
General Procedure for the Suzuki – Miyaura Coupling Reaction Towards the Synthesis 
of 12a–c : 2,6-dibrommodithieno[3,2-b:2',3'-d]thiophene 10 (0.56 mmol), Pd(PPh3)4 (2.3 mol%), 
Na2CO3 (2 M) and a arylboronic acid (1.5 mmol ) were added to a degassed solution of dry THF 
(10 mL) under argon. The resulting mixture was heated to reflux for the time mentioned in the 
individual cases. The reaction mixture was then cooled to room temp and quenched with CHCl3 
and extracted. The solvent was removed to give the crude reaction mixture, which was further 
worked up as indicated in the individual cases. 
 
2,6-Bis(4-phenyl)dithieno[3,2-b:2’,3’-d]thiophene (12a) : Pd(PPh3)4 (15 mg, 2.3 mol%) and 
aqueous Na2CO3 (7.55 mL; 2 M) solution were added to a solution of 2,6-dibromodithieno[3,2-
b:2′,3′-d]thiophene (200 mg, 0.56 mmol) and phenylboronic acid (184 mg, 1.5 mmol) in dry THF 
(11.32 mL). The mixture was heated to reflux for 24 h and then poured into a saturated solution 
of ammonium chloride and extracted with CHCl3 three times. Then, the combined organic phase 
was washed with brine, dried over MgSO4, and evaporated to dryness. The crude product was 
purified by silica gel , using petroleum ether as the eluent, to give a yellow solid the good yield 
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has 74.3 % (145 mg) in compound 12a ; m.p : 277~280℃. ppm) 7.27 (s, 2H), 7.37 (d, 
J=8.43Hz, 4H), 7.45 (s, 2H), 7.56 (d, J=8.43Hz, 4H), MS (EI): m/z : 348.08 (M+). Elemental 
Analysis. C20H12S3 (348.5) : cacld. C. 68.93, H. 3.47, Found : C. 68.71, H. 3.36. 
 
2,6-Bis(4-tert-butylphenyl)dithieno[3,2-b:2’,3’-d]thiophene (12b) : Pd(PPh3)4 (15 mg, 2.3 
mol%) and aqueous Na2CO3 (7.55 mL ; 2 M) solution were added to a solution of 2,6-
dibromodithieno[3,2-b:2′,3′-d]thiophene (200 mg, 0.56 mmol) and 4-tert-butylphenylboronic acid 
(248 mg, 1.39 mmol) in dry THF (11.32 mL). The mixture was heated to reflux for 24 h and then 
poured into a saturated solution of ammonium chloride and extracted with CHCl3 three times. 
Then, the combined organic phase was washed with brine, dried over MgSO4, and evaporated to 
dryness. The filtrate was condensed and purified on column chromatography with Hexane as 
CHCl3 (9 : 1). The residue was recrystallized from hexane gave 70 mg (27 %) of a mixture of 
compound 12b as yellow needle crystal ; m.p : 290℃. 1H-NMR (300MHz, CDCl3) : ppm) 
1.36 (s, 18H), 7.44 (d, J=8.43Hz, 4H), 7.48 (s, 2H), 7.59 (d, J=8.43Hz, 4H). 13C- NMR (400 
MHz, CDCl3) : ppm) 151.1, 145, 141.5, 131.8, 126, 125.4, 116.1, 34.7, 31.3. Elemental 
Analysis. C20H12S3 (348.5) 
 
2,6-Bis(7-tert-butyl-1-pyrenyl)dithieno[3,2-b:2’,3’-d]thiophene (12c) : Pd(PPh3)4 (15 mg, 
2.3 mol%) and aqueous Na2CO3 (7.55 mL; 2 M) solution were added to a solution of 2,6-
dibromodithieno[3,2-b:2′,3′-d]thiophene (200 mg, 0.56 mmol) and 7-tert-butyl-1-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane-2yl)pyrene (542 mg, 1.5 mmol) in dry THF (11.32 mL). The 
mixture was heated to reflux for 17 h and then poured into a saturated solution of ammonium 
chloride and extracted with CHCl3 three times. Then, the combined organic phase was washed 
with brine, dried over MgSO4, and evaporated to dryness. . The filtrate was condensed and 
purified on column chromatography with Hexane. The residue was recrystallized from hexane 
gave 60 mg (29 %) of a mixture of 12c as yellow powder ; m.p : 332℃. 1H-NMR (300MHz, 
CDCl3) : ppm) 1.361 (s, 18H), 7.64 (s, 2H), 8.07 - 8.23 (m, 14H), 8.62 (d, J=9.0Hz, 2H). 
13C- 
NMR (300 MHz, CDCl3) : ppm) 149.5, 143.4, 141.1, 131.3, 130.8, 129.3, 128.9, 128.5, 128.2, 
128.1, 127.2, 125.0, 124.6, 124.4, 122.9, 122.8, 122.5, 121.3, 35.3, 31.9, 29.7 MS (EI): m/z : 
708.02 (M+). Elemental Analysis. C49H40S3 (709.0) : cacld. C. 81.31, H. 5.12, Found : C. 75.98, 
H. 4.66. 
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Figure 4. 12. 
1
H NMR spectrum of 12a in CDCl3 at 25℃, 300 MHz, ppm 
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Figure 4. 13. 
1
H NMR spectrum of 12b in CDCl3 at 25℃, 300 MHz, ppm 
 
Figure 4. 14. 
13
C NMR spectrum of 12b in CDCl3 at 25℃, 400 MHz, ppm 
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Figure 4. 13. 
1
H NMR spectrum of 12c in CDCl3 at 25℃, 300 MHz, ppm 
 
Figure 4. 13. 
13
C NMR spectrum of 12c in CDCl3 at 25℃, 400 MHz, ppm 
Do JungHee                                                                                                          Saga University, Japan 
- 53 - 
 
4. 5. Reference 
1. G. A. Sotzing, J. R. Reynolds, P. J. Steel, Chem. Mater. 1996, 8, 882. 
2. S. A. Odom, K. Lancaster, et al, Chem. Eur. J. 2007, 13, 9637. 
3. N. Miyaura, K. Yamada, A. Suzuki, Tetrahedron Lett. 1979, 3437. 
4. M.Pope, C. E. Swemberg, Electronic Processes in Organic Crystals and Polymers, 2nd ed
ition, Oxford University Press, Oxford 1999, 48-53 
5. Handbook of Oligo- and Polythiophenes (Ed.: D. Fichou), Wiley- VCH, Weinheim, 1998. 
6. E. C. Constable, Prog. Inorg. Chem. 1994, 42, 67. 
7. a) K. Müllen, G. Wegner, Electronic Materials: The Oligomer Ap- proach, Wiley-VCH, 
Weinheim, 1998; b) P. F. H. Schwab, J. R. Smith, J. Michl, Chem. Rev. 2005, 105, 1197;
 c) F. J.M. Hoeben, P. Jonkheijm, E.W. Meijer, A. P. H. J. Schenning, Chem. Rev. 2005, 
105, 1491; d) J. Roncali, Chem. Rev. 1997, 97, 173; e) R. E. Martin, F. Diederich, Angew.
 Chem. 1999, 111, 1440; Angew. Chem. Int. Ed. 1999, 38, 1350. 
8. Organic Light Emitting Devices (Eds.: K. Müllen, U. Scherf), Wiley- VCH, Weinheim, 2
005. 
9. a) C. D. Dimitrakopoulos, P. R. L. Malenfant, Adv. Mater. 2002, 14, 99 
10.  T. Yamato, A. Miyazawa and M. Tashiro, J. Chem. Soc., Perkin Trans. 1, 1993, 3127-
3137.  
11.  S.-W. Yang, A. Elangovan, K.-C. Hwang, T.-I. Ho, J. Phys. Chem. B. 2005, 109, 16628–
16635. 
12.  G. Venkataramana, S. Sankararaman, Eur. J. Org. Chem. 2005, 4162. 
13.  C. Reichardt, Chem. Rev. 1994, 94, 2319. 
14.  T. Soujanya, R. W. Fessenden, A. Samanta., J. Phys. Chem. 1996, 100, 3507 
15.  S. Chew, P. Wang, Z. Hong, H. L. Kwong, J. Tang, S. Sun, C. S. Lee, S. T. Lee., J. Lumi
n. 2007, 124, 221 
 
 
Do JungHee                                                                                                          Saga University, Japan 
- 54 - 
 
Chapter 5 
Synthesis and fluorescence emission properties of 2, 6-(bis)aryl 








A novel thiophene-based highly pure blue fluorescent and stable molecule, 2,6-bis(arylethynyl) 
dithieno[3,2-b:2',3'-d]thiophene, is successfully synthesized via a Pd-catalysed Sonogashira 
coupling reaction of 2, 6-dibromodithieno[3,2-b:2',3'-d]thiophene with phenylacetylenes. The 
photo-properties were examined in detailed and these data indicated its potential application as 
blue-emitting materials in organic light-emitting diodes (OLEDs). 
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5. 1. Introduction 
Dithieno[3,2-b:2′,3′-d]thiophene (DTT) is an important building block for a wide variety of 
functional organic materials. In particular, DTT has been employed in materials acting as the 
active layer in organic thin-film transistors (OTFTs).1 The fused structure of DTT can promote π-
stacking2,3 which is predicted to be a favorable motif for high charge transport in devices.4 This 
approach can help create molecular materials with low-energy electronic transitions based on 
donor-acceptor interactions.5 
With an application in, for example, full color OLED-based displays in mind, it would, 
however, be highly desirable to access further materials with different emission colors. This goal 
can be achieved by extending the degree of π conjugation within the materials, as this strategy 
generally affords smaller band gaps.  
With this understanding as above mentioned, in this chapter, I present herein the first 
examples of the synthesis and photophysical properties of a new series of planar molecular 
conformation structures π-conjugated pure-blue light-emitting molecules, namely, , 6-bis(aryl
ethynyl) substituted DTTs derivatives, in which -functionalized phenylacetylenes groups were 
successfully introduced into thiophene core at 2, 6-positions afforded a p l a na r  molecular 
conjugation structures by using a modified Sonogashira coupling reaction. The introduction of 
the phenylacetylenes groups is expected to extend the conjugation length of thiophene 
chromophore resulting to shift the wavelength of absorption and fluorescence emission into the 
pure blue visible region of electromagnetic spectrum and to improve the fluorescence quantum 
yields. The two bulky tert-buyl groups on thiophene molecules at 2-, 6-positions were a priori 
anticipated to inhibit the close face-to-face -stacking interactions between DTTs units, and 
finally to impart to the improvement of high solubility and high thermal stability to these 
molecules. Furthermore, studies on the electronic UV-Vis absorption and fluorescence emission 
properties of these molecules will fully be presented. 
 
5. 2. Result and discussion. 
5. 2. a. Synthesis 
I previously reported the synthesis of 2, 6-dibrominated derivative 10 by the acid 
rearrangement bromination of dithieno[3,2-b:2',3'-d]thiophene 5 in chapter 3. Thus, according to 
the reported procedures in chapter 4, the same modified Sonogashira coupling6 reaction of the 2, 
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6-dibrominated derivative 10 with various kinds of phenylacetylenes 13 produced produced at 
room temperature for 78 h in DMF. The corresponding planar structures 2, 6-bis(arylethynyl) 
substituted DTTs derivatives 14a-d in moderate yields (5 - 24%, Recrystallization Yields) as an 






14d: Ar =                          (5%)
14a: Ar =             (24%)
14b: Ar =                     (20%)











Scheme 5. 1. Synthesis of 2, 6-bis(arylethynyl) substituted DTTs derivatives 14a-c. Reagent and 
conditions: (a) PdCl2(PPh3)2, CuI, PPh3, Et3N/DMF (1:1), 78 h, 100 °C. 
 
All structures for these novel planer structures -conjugated compounds 14a-c were fully 
characterized basis on theirs 1H-NMR, 13C-NMR, Mass spectroscopy and elemental analysis. 
They show 1H-NMR (300 MHz, CDCl3) resonances that are slightly downfield shifted 
from those of the halogenated monomer with position of DTT protons ppm 
(14a), ppm (14b),ppm (14c), and ppm (14d)respectively. 1H-NMR 
spectral data (300 MHz, CDCl3)of 14a shows double singlets at 7.36-7.39 ppm, 7.54-7.56 
ppm for phenyl protons.(Figure 5.1) 1H-NMR spectral data (300 MHz, CDCl3) of 14b shows 
double singlets (relative intensity 1:1) at =7.39 ppm, 7.43 ppm for phenyl protons and the 
protons of the tBu group appeared as a singlet at δ = 1.33 ppm (Figure 5.2.). 1H-NMR spectral 
data (300 MHz, CDCl3) of 14c shows double singlets (relative intensity 1:1) at =6.90 ppm, 7.48 
ppm for phenyl protons and the protons of the methoxy group appeared as a singlet at δ = 3.84 
ppm. (Figure 5.3) In addition to, 1H-NMR spectral data (300 MHz, CDCl3) of 14d shows double 
singlets (relative intensity 1:1) at =6.67 ppm, 7.41 ppm for phenyl protons and the protons of 
the dimethylamino group appeared as a singlet at δ = 3.01 ppm.(Figure 5.4) 
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Figure 5. 1. 1H NMR spectra of compounds 14a in CDCl3 at room temperature. 
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Figure 5. 3. 1H NMR spectra of compounds 14c in CDCl3 at room temperature. 
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5. 2. b. Photo Physical Properties 
Consequently, a series of substituted 2, 6-bisaryl substituted DTTs derivatives 14a-d have 
been succeeded to prepare. The electronic absorption and fluorescence-emission data for these 
compounds are summarized in Table 5. 1. The UV-Vis absorption spectra of 2, 6-bisaryl 
substituted DTTs derivatives 14a-d in CH2Cl2 shown in Figure 5. 5. The spectras were recorded 
in CH2Cl2 in the range of 1 × 10
–5 M concentration at room temperature. For these 2, 6-bisaryl 
substituted DTTs derivatives 14a, 14b, 14c and 14d the spectra are almost identical and three 
absorption bands were observed in the range of 380-420 nm. The UV-Vis absorption spectra of 
compound 14 with dithieno[3,2-b:2',3'-d]thiophene 5, all spectra are broad, less well resolved and 
the longest wave length hyperchromic absorption maximum of 14a, 14b, 14c and 14d occurs at 
385, 388, 391 and 413 nm respectively (Table 5. 1), which are bathochromically red-shifted by 














392 429 (389) 3714c
14d 415 484 (413) 69









Table 5. 1. Optical absorption and emission spectroscopic data for
14a-d, in CH2Cl2(10
-5-10-7M)at room temperature, compared with that 
of 5[a]
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute
quantum yields ( 0.01- 0.03) in dichloromethane.  
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Figure 5. 6. Fluorescence emission spectra of 14a-d recorded in CH2Cl2 at about 10
-7 M and 25℃. 
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Upon excitation, a dilute solution (~10-7 M) of compound 14a, 14b, 14c and 14d along 
with 5 in dichloromethane at room temperature shows broad band blue emission, (Figure 5. 6). 
Compared with the lower energy emission band of dithieno[3,2-b:2',3'-d]thiophene 5, the 
emission band of 14a, 14b, 14c and 14c were found to be bathochromically red shifted at 422, 
425, 429 and 485 nm, respectively. All the fluorescence emission bands are broad but almost 
identical. The emission band was observed in the visible pure-blue region with a small shoulder 
at longer wave length. However the fluorescence stokes shift increase in the order of 14a, 14b < 
14c < 14d. 
The fluorescence quantum yields of 14a-d recorded in dilute CH2Cl2 solution at room temp. 
are also listed in Table 5. 1. We found the Φf values of 14a–d to be in the range of 0.41-0.57 
relative to that of 9,10-diphenylanthracence (0.90 in cyclohexane).7 
 
 
Figure 5. 7. Effect of concentration on the fluorescence emisson spectra of 14b recorded in 
CH2Cl2 at room temp. (1) 1.0×10
-8 M, (2) 2.5×10-8 M, (3) 1.0×10-7 M, (4) 2.5×10-7 M, (5) 1.0
×10-6 , (6) 2.5×10-6 M, (7) 5.0×10-6 M, (8) 2.5×10-5 M, (9) 1.0×10-4 M. 
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Figure 5. 7. Show the effect of concentration on the fluorescence emission of compound 14b 
and in dichloromethane at room temperature. With increasing concentration of 14b from 1.0 × 10-8 
M (line 1) to 1.0 × 10-4 M (line 9), the emission corresponding to only the monomer at 429 nm 
was observed and the intensity of this emission band gradually increased. This result strongly 
indicated that this compound does exhibit excimer at concentration of 10-5 M and even higher 
concentration from 429 nm to 448 nm to red shift. This evidence also indicated that the 
attachment of 14b from getting close enough to result in excimer emission at high concentrations. 
The reason is the fact that the attachments of statically hindered substituents to the two bulky 
tert-butyl groups on the benzene rings at 2, 6-positions in 14b play a very important role for 























Table 5.2. Opital absoprtion and emission spectroscopic data for 14d  in various
solvents (ca. 10-5-10-7M) at room temp.[a]
410 460 501,4-dioxane 0.44
[a] all measurements were performed under degassed conditions.[b] abs is the
absorption band appearing at the longest wavelength at about 10-5 M in the
different solvents. [c] ex is the fluorescence band appearing at the shortest
wavelength at about 10-7 M in the different solvents. [d] Fluorescence quantum
yields; the values (are relative to that of diphenylanthracene (0.90 in 
cyclohexane)  
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Figure 5. 8. Normalised fluorescence spectra of 14d recorded in  (a) 1,40dioxane (b) 
Cyclohexane, (c) THF, (d) CH2Cl2, (e) DMF at ca. 10
-5 M - 10-7M and 25 ℃. 
 
In order to obtain more insight of their photophysical properties these new coplaner-shaped 
conjugation compounds, the normalized absorption spectra and emission spectra of compound 
14d in various solvents are determined and the optical data are summarized in Table 5. 2. It is 
well-known that solvatochromitic affect is not only depend on molecular structure, but also 
depend on the nature of the chromophore, as well as the solvents.8 Each monomer shows a slight 
solvatochromism in the absorption spectra and emission spectra. For example, for 14d, a change 
of solvent from nonpolar cyclohexane to polar DMF caused only a very slight, positive, 
bathochromic shift in the π-π* absorption band from 410 to 415 nm . On the other hand, in the 
case of the emission spectrum of 14d, we observed a substanial positive bathochromism with a 
peak around 446 nm in cyclohexane, while we observed a broad and red-shifted emission with 
only one peak at max = 515 nm in the solvent of high polarity, DMF(Figure 5. 8). 
These results indicated that the µe (dipole moment of 14 in the excited state) should be 
larger than the µg (the dipole moment of 14 in the ground state) because positive solvatochromic 
effect was observed in the absorption spectra and emission spectra.9 On the other hand, the fact 
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that solvatochromic effects is more important for emission than for absorption suggests that these 
current compounds 14d are more solvated in the excited state than in the ground state.10 
 
 
Figure 5.9. Lipper-Mataga plots for compounds 14d. A: Cyclohexane; B: 1,4-dioxane; C: THF; 
D: CH2Cl2; E : DMF 
 
Such large Stokes’ shift observed for 14d inpolar solventsmay result fromthe difference in 
the dipolemoments between the delocalized ground state and the highly localized excited one. 
The highly localized excited state must come from the intramolecular charge transfer (ICT) 
between the NPh2 group and the thiophene core.
7, 11 Relationship between Stokes’ shift and the 
difference in the dipole moments can be related by the Lippert–Mataga equation: 
 
v = 2µ2egf / hca
3 + const, 
f = [(ε -1) / (2ε + 1)] – [(n2 – 1) / (2n2 + 1)] 
 
where v and µeg, are Stokes’ shift and the difference in the dipole moment between the 
excited and ground states, respectively; f is the orientation polarizability; h is Planck’s constant; 
c is the velocity of light; a is the Onsager radius around a fluorophore; ε is the dielectric constant; 
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n is refractive index.12-14 To calculate µeg, the Stokes’ shifts for 14d were plotted against the f 
values in the various solvents of 1,4-dioxane, Cyclohexane, THF, CH2Cl2 and DMF(Fig. 5.9). 
From the slope according to the Lippert–Mataga equation, the µeg value for 14d was estimated 
to be ca. 30 D, meaning that the dipole moment of 14d drastically changed from the ground to 
the excited states. On the basis of the large µeg value and the DFT analysis for the ground states, 
one might suppose that charge separation can exist only in the excited states of the donor-modi- 
fied dithienothiophene. The Lippert–Mataga plot for the various solvents used in this study also 
gave a relatively good proportion between the Stokes’ shifts of 14d and their f values.11g The 
thiophene core in 14d can behave as an acceptor moiety against the dimethylamino groups to 
give rise to fluorescence solvatochromicity probably based on ICT mechanism. To reinforce the 
ICT mechanism, time-dependent DFT calculations for 14d were tried to shed light on their 
HOMO and LUMO in the excited states.11b, 11f Unfortunately, the calculation hardly converged 
owing to the molecular size of 14d. Nevertheless, the findings obtained from UV/vis and 
fluorescence spectra and Lippert–Mataga analysis imply that the charge separation arises in the 
excited states of the donor-modified 14d. 
These molecules emit very bright, pure-blue fluorescence and have good solubility in 
common organic solvents and high stability. Figure 5. 9 shows emit very bright, pure-blue 
fluorescence in the solution of compound 14a-d and DTT. 
 
Figure 5. 9. Fluorescence in the solution of compound 12a-c and DTT.  
 
5. 3. Conclusion 
The modified Sonogashira cross-coupling reaction of the dibrominated DTT 10 with 
various kinds of phenylacetylenes 13 produced at room temperature for 78 h in DMF. The 
corresponding 2, 6-bis(arylethynyl) substituted DTTs derivatives 14a-c. We have prepared a new 
series of well-defined, thiophene-based monomers with planer structures, π-conjugated structures 
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in excellent yield and fully characterised the special planar molecular conformation structures. 
The results obtained through inspecting the absorption and emission spectra of these pure 
monomers, indicate that the extension of π conjugation in these thiophene chromophores through 
phenylacetylenes substituents serves to shift the wavelength of absorption and fluorescence 
emission into the pure-blue visible region. These molecules emit very bright, pure-blue 
fluorescence and have good solubility in common organic solvents and high stability. Hence, 
they are promising as blue organic light-emit- ting materials for the fabrication of OLED devices. 
 
5. 4. Experiment 
All melting points are uncorrected. The 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuterio chloroform with TMS as an internal 
reference. The IR spectra were obtained as KBr pellets with a Nippon Denshi JIR-AQ2OM 
spectrometer. UV/Vis spectra were obtained with a Perkin–Elmer Lambda 19 UV/Vis/NIR 
spectrometer in various organic solvents. Fluorescence spectroscopic studies were performed in 
various organic solvents in a semimicro fluorescence cell (Hellma® , 104F-QS, 104 mm, 1400 
µL) with a Varian Cary Eclipse spectrophotometer. Fluores-cence quantum yields were measured 
using absolute methods.Mass spectra were obtained with a Nippon Denshi JMS-HX110A Ultra-
high Performance Mass Spectrometer at 75 eV using a direct-inlet system. Elemental analyses 
were performed with a Yanaco MT-5 analyser. 
 
Materials 
General Procedure for the Sonogashira Coupling Reaction Towards the Synthesis of 
14a–c : 2,6-dibrommodithieno[3,2-b:2',3'-d]thiophene 10 (0.424 mmol), PdCl2(PPh3)2 (0.043 
mmol), PPh3(0.086 mmol), CuI (0.106 mmol) and a phenylacetylene (1,37 mmol) were added to 
a degassed solution of DMF (7.5 mL) and Et3N (7.5 ml) under argon. The resulting mixture was 
stirred at 100 °C for the time mentioned in the individual cases. The reaction mixture was then 
cooled to room temp and quenched with CHCl3 and extracted. The solvent was removed to give 
the crude reaction mixture, which was further worked up as indicated in the individual cases. 
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2,6-Bis(phenylethynyl)dithieno[3,2-b:2’,3’-d]thiophene (14a) : A mixture 2,6-
dibromodithieno[3,2-b:2′,3′-d]thiophene (150 mg, 0.424 mmol), Pd(PPh3)4 (30 mg, 0.043 mmol), 
PPh3(22.3 mg, 0.086 mmol), Et3N (7.5 mL), CuI (20 mg, 0.106 mmol), phenylacetylene (0.15 
mL, 1,37 mmol) and DMF (7.5 ml) was placed in the Schlenk tube equipped with a magnetic 
stirring bar and a reflux condenser under N2 atmosphere. The mixture was stirred for 78 h at 
100℃. After the reaction mixture was cooled to room temperature, ammonium chloride and 
extracted with CHCl3 three times. Then, the combined organic phase was washed with brine, 
dried over MgSO4, and evaporated to dryness. The filtrate was condensed and purified on column 
chromatography with Hexane. The residue was recrystallized from hexane gave 40 mg (24 %) of 
a mixture of 14a as yellow crystal ; m.p : 153℃. 1H-NMR (300MHz, CDCl3) : ppm) 7.36 - 
7.39 (m, 6H), 7.46 (s, 2H), 7.54 – 7.56 (m, 4H). MS (EI): m/z : 396.0 (M+). Elemental Analysis. 
C24H12S3 (396.55) : cacld. C. 72.69, H. 3.05, Found : C. 72.41, H. 3.08. 
 
2,6-Bis(4-tert-butylphenylethynyl)dithieno[3,2-b:2’,3’-d]thiophene (14b) : A mixture 2,6-
dibromodithieno[3,2-b:2′,3′-d]thiophene (150 mg, 0.424 mmol), Pd(PPh3)4 (30 mg, 0.043 mmol), 
PPh3(22.3 mg, 0.086 mmol), Et3N (7.5 mL), CuI (20 mg, 0.106 mmol), 4-tert-
butylphenylacetylene (0.27 mL, 1,37 mmol) and DMF (7.5 ml) was placed in the Schlenk tube 
equipped with a magnetic stirring bar and a reflux condenser under N2 atmosphere. The mixture 
was stirred for 78 h at 100℃. After the reaction mixture was cooled to room temperature, 
ammonium chloride and extracted with CHCl3 three times. Then, the combined organic phase 
was washed with brine, dried over MgSO4, and evaporated to dryness. The filtrate was condensed 
and purified on column chromatography with Hexane. The residue was recrystallized from 
hexane gave 40 mg (20 %) of a mixture of 14b as yellow needle crystal ; m.p : 187℃. 1H-NMR 
(300MHz, CDCl3) :ppm) 1.33 (s, 18H), 7.39 (d, J=8.43 Hz, 4H), 7.43 (s, 2H), 7.48 (d, J=8.25 
Hz, 4H). 13C- NMR (300 MHz, CDCl3) : ppm) 150.4, 132.73, 124.01, 111.809, 109.161, 40.17, 
29.708. MS (EI): m/z : 508.11 (M+). Elemental Analysis. C32H28S3 (508.76) : cacld. C. 75.54, H. 
5.55, Found : C. 73.86, H. 5.43. 
 
2,6-Bis(4-methoxyphenylethynyl)dithieno[3,2-b:2’,3’-d]thiophene (14c) : A mixture 2,6-
dibromodithieno[3,2-b:2′,3′-d]thiophene (150 mg, 0.424 mmol), Pd(PPh3)4 (30 mg, 0.043 mmol), 
PPh3(22.3 mg, 0.086 mmol), Et3N (7.5 mL), CuI (20 mg, 0.106 mmol), 4-
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methoxyphenylacetylene (0.17 mL, 1,37 mmol) and DMF (7.5 ml) was placed in the Schlenk 
tube equipped with a magnetic stirring bar and a reflux condenser under N2 atmosphere. The 
mixture was stirred for 78 h at 100℃. After the reaction mixture was cooled to room temperature, 
ammonium chloride and extracted with CHCl3 three times. Then, the combined organic phase 
was washed with brine, dried over MgSO4, and evaporated to dryness. The filtrate was condensed 
and purified on column chromatography with Hexane as CHCl3 (9:1). The residue was 
recrystallized from hexane and CHCl3 gave 35 mg (18 %) of a mixture of 14c as yellow crystal ; 
m.p : 157℃. 1H-NMR (300MHz, CDCl3) : ppm) 3.84 (s, 6H), 6.90 (d, J=8.81 Hz, 4H), 7.41 (s, 
2H), 7.48 (d, J=8.62 Hz, 4H). 13C- NMR (300 MHz, CDCl3) : ppm) 160.052, 141.5, 133.054, 
131.087, 124.669, 124.576, 114.635, 114.155, 95.039, 81.830, 55.351. MS (EI): m/z : 456.04 
(M+). Elemental Analysis. C26H16S3 (456.60) : cacld. C. 68.39, H. 3.53, Found : C. 67.74, H. 
3.54. 
 
2,6-Bis(4-(dimethylamino)phenylethynyl)dithieno[3,2-b:2’,3’-d]thiophene (14d) : A 
mixture 2,6-dibromodithieno[3,2-b:2′,3′-d]thiophene (200 mg, 0.565 mmol), Pd(PPh3)4 (40 mg, 
0.057 mmol), PPh3(22.3 mg, 0.086 mmol), Et3N (10 mL), CuI (20 mg, 0.106 mmol), 4-
(dimethylamino)phenylacetylene (328 mg, 1,37 mmol) and DMF (12 ml) was placed in the 
Schlenk tube equipped with a magnetic stirring bar and a reflux condenser under N2 atmosphere. 
The mixture was stirred for 78 h at 100℃. After the reaction mixture was cooled to room 
temperature, ammonium chloride and extracted with CHCl3 three times. Then, the combined 
organic phase was washed with brine, dried over MgSO4, and evaporated to dryness. The filtrate 
was condensed and purified on column chromatography with Hexane : methanol : CHCl3 (8:1:1). 
The residue was recrystallized from CHCl3 gave 16 mg (5 %) of a mixture of 14d as red-brown 
powder ; m.p : 255℃. 1H-NMR (300MHz, CDCl3) : ppm) 3.01 (s, 12H), 6.67 (d, J=8.99 Hz, 
4H), 7.36 (s, 2H), 7.41 (d, J=8.81 Hz, 4H). 13C- NMR (300 MHz, CDCl3) : ppm) 150.389, 
132.729, 124.011, 111.809, 109.161, 40.168, 29.708. MS (EI): m/z : 482.13 (M+). Elemental 
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Figure 5. 11. 1H NMR spectra of compounds 14b in CDCl3 at room temperature. 300 MHz, ppm 
 
Figure 5. 12. 13C NMR spectra of compounds 14b in CDCl3 at room temperature. 400 MHz, 
ppm 
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Figure 5. 13. 1H NMR spectra of compounds 14c in CDCl3 at room temperature. 300 MHz, ppm 
 
Figure 5. 14. 13C NMR spectra of compounds 14c in CDCl3 at room temperature. 400 MHz, 
ppm 
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Figure 5. 15. 1H NMR spectra of compounds 14d in CDCl3 at room temperature. 300 MHz, ppm 
 
Figure 5. 16. 13C NMR spectra of compounds 14d in CDCl3 at room temperature. 400 MHz, 
ppm 
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Chapter 6 









A novel pyrene-based highly pure blue fluorescent and stable molecule, 1,3,6,8-tetrakis[9,9-bis(3-
methylbutyl)-9H-fluoren-2-yl]pyrene, is successfully synthesized via a Pd-catalysed Suzuki coupling 
reaction of 1,3,6,8-tetrabromopyrene with 2-[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]-4,4,5,5-
tetramethyl[1,3,2]dioxaborolane. The photo- properties were examined in detailed and these data 












Part of this work have been published:  J. Hu, H. Hiyoshi, J.-H. Do and T. Yamato, 
J. Chem. Research, 278–282 (2010). 
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6. 1. Introduction  
In recent years, organic materials such as the polycyclic aromatic hydrocarbons (PAHs) 
(e.g. naphthalene, anthracene, pyrene, perylene etc.) and their derivatives are suitable for 
developing as emitters in organic light-emitting diodes (OLEDs) due to their promising 
fluorescent properties.1–6 In particular, these compounds have strong -electron delocalization 
characters and they can be substituted with a range of functional groups, which may be used for 
OLED materials with a tunable wavelength. At present, numerous materials derived from 
naphthalene, anthracene, perylene, and fluorene have been widely used as emitting materials in 
OLED, but the use of pyrene molecule is very limited, because pyrene molecules easily formed 
-aggregates/excimers in solid state and high concentration solution, and the formation of -
aggregates/excimers leads to an additional emission band in long wavelength and a decrease of 
quantum efficiency in electroluminescence. Recently, this problem is mainly solved by the 
introduction of bulky or heavy branched side chains into pyrene molecules or co-polymerization 
with a suitable bulky comonomer. More recently, it was reported that pyrene derivatives were 
used as blue-emitting material in OLED by introducing long or branched side chains.7–11 
Recently, the synthesis of a pyrene-based fluorescent dendrimer has also been reported wherein 
the core unit is a 1,3,6,8-tetrasubstituted pyrene and the peripheral units contain monosubstituted 
pyrene units.7,12–16  
On the other hand, recently, fluorene-based compounds have achieved great potential 
applications,17–21 such as highly thermal stable and efficient emissive materials for OLEDs and 
carrier transport materials for field effect transistors (FETs).22–24 Chemically, fluorene derivatives 
are interesting since they contain a rigid biphenyl plane and the facial substitution at the C9 site, 
which provides the possibility of improving the solubility and processability, and of controlling 
inter chain interactions to inhibit excimer formation in the excited state.25–27 
 Thus there is substantial interest in investigating of the synthesis of fluorenyl-substituted 
pyrenes and studies on the electronic absorption and fluorescence emission properties of these 
molecules. In this chapter, synthesis and fluorescence emission properties of 1-mono-, 1,6-bis-, 
1,8-bis- and 1,3,6,8-tetrakis-fluorenyl-substituted pyrenes are described. 
 
6. 2. Result and Discussion 
6. 2. a.  Synthesis and Spectral Properties 
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 1-Bromopyrene 2 was prepared by brominating of pyrene 1 with N-bromo- succinimide 
(NBS) in DMF at room temperature for 24 h as following the reported procedure.28 Bromination 
of pyrene 1 with 1.1 equivalents of 1,3-dibromo-5,5-dimethylhydantoin (DBMH)29 in CH2Cl2 at 






2 : X1 = Br, X2 = X3 = X4 =H
3a  : X1 = X3 = Br, X2 = X4 = H
3b : X1 = X4 = Br, X2 = X3 = H





Scheme 6. 1. Synthesis of Bromination of pyrene 1. Reagent and conditions; (2) NBS, DMF, r. t. 






1. Buli in THF, -78°C, 2h
2. B(OMe)3 in THF, -78°C
    to room temp. for 36 h
3. 2M HCl
4. pinacol/CH2Cl2 for 48h
             (70 %)
 
Scheme 6. 2. Syntehsis of the fluorene bronic ester 6  
 
1,3,6,8-Tetrabromopyrene 4 was readily obtained by the exhaustive bromination of pyrene 
1 with 4.5 equivalents of bromine in nitrobenzene at 120°C for 12 h as following the reported 
procedure (Scheme 6. 1).7,30,31 Although attempted separation of the mixture of 1,6- and 1,8-
dibromopyrene (3a and 3b) into each pure failed, the mixture of isomers of 1,6-di- and 1,8-
dibromopyrene (3a and 3b) was directly used to carry out next Suzuki coupling reaction. 
The detailed synthesis of the fluorene boronic ester, 6, is also sketched in Scheme 6. 2. Thus, 
compound 5 was prepared following by the reported procedure,32 underwent halogen-lithium 
exchange of 2-bromofluorene 5 with n-BuLi at -78°C in THF and subsequent reaction of the 
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anion with B(OMe)3 gave the corresponding pyrene boronic acid, from which esterification with 
pinacol afforded the target boronic ester 6 (70% yield) as a white solid. The structure of this 
compound was determined on the basis of their elemental analysis and spectral data. 
Suzuki coupling reaction was employed between the 1-bromopyrene 2 and the fluorene 
boronic ester 6 under modified reaction conditions33–35 to afford the desired compound, 1-
fluorenyl-subsituted pyrene 7 in 75% yield. Similarly, the 1,3,6,8-tetrakis-fluorenyl-subsituted 
pyrene 9 was obtained in 72% yield under the same conditions. Both the mono- or tetrakis-
fluorenyl-substituted pyrenes 7 and 9 were successfully purified by flash column chromatography. 
The mixture of 3a and 3b was also reacted with fluorene boronic ester 6 to afford bis-fluorenyl-
subsituted pyrenes 8a/8b in 65% yield. Although several attempted isolation of the mixture of 
1,6-bis- and 1,8-bis-fluorenyl-substituted pyrenes 8a/8b in each pure failed, the mixture of 






2 : X1 = Br, X2 = X3 = X4 =H
3a  : X1 = X3 = Br, X2 = X4 = H
3b : X1 = X4 = Br, X2 = X3 = H
4 : X1 = X2 = X3 = X4 = Br
Pd(PPh3)4/ K2CO3 (2M)
Toluene 






7 :   R1 =R, R2 = R3 = R4 = H
8a : R1= R3 = R, R2 = R4 = H
8b : R1 = R4 = R, R2 = R3 = H






Scheme 6. 3. Synthesis of 1,3,6,8-fluorenyl-subsituted pyrene derivatives 7-9. 
 
 The structures for these pyrene-based -conjugated compounds 7–9 were fully 
characterized by basis on their 1H NMR, Mass spectroscopy and elemental analysis. In particular, 
due to their D2d point-group symmetric structure, its 
1H NMR spectrum of the 1,3,6,8-tetrakis-
fluorenyl-subsituted pyrene 9 is much simpler than those of asymmetrical compounds 7 and 8. 
For example, compound 1,3,6,8-tetrakis[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]pyrene 9 
displays two singlets at = 8.16 and 8.19 ppm in the ratio of 1:2 for the pyrene ring protons at 
2,7-positions and 4,5,9,10-positions, respectively. But the fluorene ring protons and the eight 
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terminal methyl protons of 9,9-bis(3-methylbutyl) groups both appear in the region at = 7.31–
7.88 ppm and at around = 1.68 ppm as a multiplet, respectively. Simultaneously, the structures 
of 7, 8a/8b and 9 were also established on the basis of the base peak molecular ion at m/z 506, 
810, and 1420 in their mass spectrum. Interestingly, these three types of fluorenyl-substituted 
pyrenes 7–9 are all stable solids that can be stored in air at room temperature for a prolonged 
period of time. Furthermore, compounds 7 and 9 have a good solubility in all the common 
organic solvents including hexane with high melting point. However, the isomeric 1,6-bis-, and 
1,8-bis-fluorenyl-substituted pyrenes 8a and 8b have a limited solubility in organic solvents. 
 
6. 2. b. X-ray Molecular Structure and Crystal Packing 
The molecular structure of compound 9 was further confirmed by single-crystal X-ray 
analysis. The crystals were grown by slow evaporation of a CHCl3 concentrated solution. This 
compound was obtained as orange needles and provided excellent quality data. The 
crystallographic data for this compound are summarized in Table 1.  
Structure diagrams of 9 are shown in Figure 6. 1. The molecule lies on a two-fold axis; thus, 
half is crystallographically unique. The four aryl carbons are essentially coplanar with the 
central pyrene ring, while the four fluorenes are not coplanar with the central pyrene ring but 
have twist angles of 19.02° for ring C(15)–C(20) and 23.6° for ring C(24)–C(29), relative to 
the central, pyrene core. In addition, the relative twist angle between these two C6H4 groups 
was 39.5°. The fluorene groups were twisted by 44.51 and 77.31° relative to their respective 
rings of attachment. 
The crystal packing of pyrene molecules has been studied previously. A card-packed 
structure was observed, and the molecules exhibited an interplanar separation of ca. 3.5 Å  
with strong π-π stacking through the involvement of 14 carbons in each pyrene molecule. As 
shown in Figure 2, the present cruciform-shaped molecules of 9 are packed in a herringbone 
arrangement in the crystal. In addition, each 9 molecule displays a 63-point, π-π stacking 
interaction with molecules above and below (Figure 6. 1, structure i) using both the pyrenyl 
carbons and aryl carbons for both interactions. Interestingly, the closest intermolecular C–C 
distance between the central pyrenyl planes of two adjacent 9 molecules is not especially 
short at about 3.596 Å  in this crystal lattice. These results strongly indicate that the four 
fluorenes groups attached to the pyrene rings at the 1-, 3-, 6- and 8-positions play an 
important role in suppressing the undesirable, face-to-face, π-π stacking in the solid state. 
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Parameter                                                      9
Empirical formula                                          C108H122
Formula weight [g mol -1]                            1420.06
Temperature [K]                                           150
Wavelength [Å ]                                            0.71073
Crystal system                                                triclinic
Space group                                                   P-1
Crystal colour and size [mm]                         yellow, 0.60 x 0.30 x 0.06
a [Å ]                                                              14.105(4)
b [Å ]                                                              17.258(5)
c [Å ]                                                              19.659(6)
 [°]                                                               114.613(4)
[°]                                                               99.895(4)
 [°]                                                               92.315(4)
Volume [Å 3]                                                  4252(2)
Z                                                                     2
Density, calcd. [g m -3]                                 1.109
Absorption coefficient [mm-1]                      0.062
F (000)                                                           1540
q range for data collection [°]                        0.91 to 25.01
Reflections collected                                      23833
Independent reflections                                  11770
Observed data [F2 > 2s(F2)]                          5167
Rint                                                                          0.0764
Restraints/parameters                                    0 / 614
Goodness-of-fit on F2                                    0.788
R1 [F2 > 2(F2)]                                           0.0832
wR2 (all data)                                                0.2746
Table 6. 1. Summary of the Crystal data and structure refinement for 9
 






Consequently, the efficient -stacking in emitting molecules could lead to extensive 
excimer formation in the solid state or thin film with low quantum yields of fluorescence. There 
is no crystal packing was observed in this crystal due to the big sterically hindrance arising from 
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Figure 6. 1. X-ray structure diagram of compound 10a (i) top view; (ii) side view; (iii) Packing 
diagrams. 
 
6. 2. c. Photo Physical Properties 
The UV/Vis absorption and fluorescence spectra of these three types of fluorenyl-
substituted pyrenes 7–9 were measured in dichloromethane (CH2Cl2) at 25°C and shown in 
Figure 2 and Figure 3, respectively. The corresponding spectroscopic data are summarized in 
Table 2.  
As shown in Table 1 and Figure 1, the absorption spectra of these fluorenyl-substituted 
pyrenes 7–9 show a  - * band at ~346–395 nm and the absorption maxima of 7 (346 nm) and 9 
(395 nm) are significantly red-shifted ca. 10 nm and ca. 60 nm compared with that of 
unsubstituted parent pyrene 1 (336 nm) respectively. 
Similarly, in the case of 8a/8b, the absorption spectra maxima (371 nm) is red-shifted 
about 35 nm from that of pyrene 1. Thus, from the mono-substituted pyrene 7 to the tetrakis-
substituted pyrene 9, the absorption spectrum shows gradually red-shift due to the increasing of 
-conjugation length, along with the increasing number of the fluorenyl-substituents. 
 
Do JungHee                                                                                                          Saga University, Japan 
- 82 - 
 
When excited, dilute solutions of 7–9 in dichloromethane solution shown high 
fluorescence from deep-blue to sky-blue emission (Figure 3). In all of the fluorescence spectra, 
only one strong emission bands are observed in the visible region, which indicates that the 
emission occurs from the lowest excited state with the largest oscillator strength. The emission 
spectra show systematic bathochromic red-shifts with the conjugation length increase arising 
from the increasing number of substituents, in the present fluorenyl-substituted pyrenes (7–9), 
that is 7< 8a/8b < 9, implying that the energy gap between ground and excited states decreases in 

























Table 6. 2. Optical absorption and emission spectroscopic data for 
7-9, in CH2Cl2(10
-5-10-7M)at room temperature, compared with
that of 1[a]
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute
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Figure 6. 2. UV-Vis absorption spectra of compounds 7, 8a/8b and 9; All compounds are 
measured in dichloromethane at ~10-5 M concentration at 25°C, compared with that of pyrene 1. 
 
 
Figure 6. 3. Normalized fluorescence-emission spectra of compounds 7, 8a/8b and 9. All 
compounds are measured in dichloromethane at ~10-6 M concentration at 25°C, compared with 
that of pyrene 1. 
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These results are also observed in some carbozole-based dendrimers36 and several 
phenylethynyl-substituted pyrenes derivatives.,37, 38 The fluorescence quantum yields (F) of 
7–9 recorded in dichloromethane are listed in Table 2, along with their absorption (Amax) and 
emission (max) maxima. The quantum yield F values of 7–9 were found in the range of 0.75–
0.98 relative to that of 9, 10-diphenylanthrathcene (0.90 in cyclohexane).39 
 In order to obtain the detailed electronic spectroscopic properties of these fluorene-
substituted pyrene derivatives, the influence of solvents on the UV-vis absorption and 
fluorescence emissions were investigated. The mono-fluorenyl-substituted pyrene 7 and tetrakis-
fluorenyl-substituted pyrene 9, were selected to as representative compounds, and their optical 
absorption and emission spectroscopic data measured in various solvents are listed in Table 3. 
   It is well known that the solvatochromitic effect is not only depends on the molecular 
structure, but also depends on the nature of the chromophore, and the solvents.39 Each monomer 
shows a slight positive solvatochromism in their absorption spectra and emission spectra (see 
Table 3), respectively. For example, a change in solvent from non-polar cyclohexane to polar 
N,N-dimethylformamide (DMF) causes only a very slight positive solvatochromic shift in the 
 absorption band from 345 to 350 nm (abs = 5 nm) for 7. On the other hand, in the case of 
emission spectrum of 7, a small positive solvatochromism behavior was also observed with 
increasing solvent polarity, the emission spectrum of 7 was observed with a peak around 401 nm 
and a shoulder peak around 421 nm in cyclohexane. A broad and red-shifted emission of 7 was 
observed with only one peak at max= 418 nm in the solvent of high polarity, DMF. Similar 
results were also observed for 9 in their absorption spectra and emission spectra(Figure 6. 4 – 6. 
5). 
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Table 6. 3. Optical absorption and emission spectroscopic data for 
7-9 in various solvent at 25°C
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute







350 418 68DMF 4.84












397 459 62DMF 5.56
 
These results indicated that the e (dipole moment of 7 in the excited state) should be a 
little. larger than the g (the dipole moment of 7 in the ground state) because a positive 
solvatochromic effect was observed in the absorption spectra and emission spectra.40, 41 Although 
the dipole moments of 9 in either the ground or excited states are indeed zero because they are 
possessed centro-symmetric in the ideal D2d symmetry, these current results obtained above 
indicated that the Qe (the quadrupole moments of 9 in the excited state) should be larger than the 
Qg (the quadrupole moments of 9 in the ground state) because positive solvatochromic effects 
were observed in both the absorption spectra and the emission spectra, which implies that there is 
a change in the quadropole moment  upon excitation.42 On the other hand, the fact that 
solvatochromic effects is more important for emission than for absorption suggests that these 
current compounds are more solvated in the excited state than in the ground state.43  
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Figure 6. 4. Normalized UV-Vis absorption spectra of 7-(i) and 9-(ii) recorded in (a) cyclohexane, 
(b) chloroform, (c) tetrahydrofuran(THF) (d) dichloromethane(DCM), (e) N,N-
dimethylformamide (DMF) at ~ 10 -5 M concentration at 25 °C. 
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Figure 6. 5. Normalized emission spectra of 7-(i) and 9-(ii) recorded in (a) cyclohexane, (b) 
chloroform, (c) tetrahydrofuran(THF) (d) dichloromethane(DCM), (e) N,N-dimethylformamide 
(DMF) at ~ 10 -5 M concentration at 25 °C. 
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6. 3. Conclusion 
A series of fluorenyl-substituted pyrenes 7–9 have been synthesized in high yield by a 
modified Suzuki coupling reaction. Photoproperties studies of 7–9 indicated that there is a 
significant effect on the UV-vis absorption spectra and emission spectra with increasing the 
number of fluorenyl substituents. Compounds 7–9 emit very bright, pure-blue fluorescence in 
solution (F  0.75–0.98) and have good solubility in common organic solvents and high 
stability. A sight solvatochromic effects observed in 7–9 can be explained that these current 
compounds 7–9 are more solvated in the excited state than in the ground state. The herein-
presented molecules are exciting new materials that combine excellent optical features and an 
improved thermal stability.  
 
6. 4. Experimental  
 
All melting points are uncorrected. The 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with TMS as an internal 
reference. The IR spectra were obtained as KBr pellets on a Nippon Denshi JIR-AQ2OM 
spectrometer. UV/Vis spectra were obtained with a Perkin Elmer Lambda 19 UV/VIS/NIR 
spectrometer in various organic solvents. Fluorescence spectroscopic studies were performed in 
various organic solvents in a semimicro fluorescence cell (Hellma, 104F-QS, 10  4 mm, 1400 
L) with a Varian Cary Eclipse spectrophotometer. Fluorescence quantum yields were measured 
using absolute methods. Mass spectra were obtained on a Nippon Denshi JMS-HX110A 
Ultrahigh Performance Mass Spectrometer at 75 eV using a direct-inlet system. Elemental 
analyses were performed with a Yanaco MT-5 analyser. 
 
Mono-bromination of pyrene with NBS in DMF (NBS-DMF) (2) – A solution of NBS (187 
mg, 1.05 mmol) in dry DMF (5 ml) was added to a solution of pyrene (252 mg, 1.0 mmol) in dry 
DMF (10 ml) and stirred at room temperature 24 h. After reaction, the mixture was poured into 
water (50 ml) and extracted with dichloromethane (100 ml). The extract was washed well with 
water, dried (MgSO4), and evaporated under reduced pressure to yield crude products (85%, G. C. 
Analysis) as a pale-yellow solid (332 mg, 85%); m.p.103–104°C (m.p. 102–104°C).30 
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Di-bromination of pyrene with 1,3-dibromo-5,5-dimethylhydantoin (DBMH) in CH2Cl2 
(3a/3b) – A solution of DBMH (308 mg, 1.1 mmol) in dry CH2Cl2 (10 ml) was added to a 
solution of pyrene (252 mg, 1.00 mmol) in dry CH2Cl2 (40 ml) and stirred at room temperature 
for 1 h. the mixture was poured into water (50 ml) and extracted with dichloromethane (200 ml). 
The extract was washed well with water, dried (MgSO4), and evaporated under reduced pressure 
to yield crude products. The crude products were successfully washed with CH2Cl2 (15 ml) to 
give a mixture of 1,6-di- and 1,8-dibromopyrene 3a, 3b as an orange-yellow solid (398 mg, 97%); 
m.p.123–124°C. Separation of 1,6-di- and 1,8-dibromopyrene 3a and 3b was reported in the 
literature (m.p. 230–231°C for 3a and m.p. 210–211°C for 3b).31 However, several attempted 
separations of the mixture of 3a and 3b into each pure failed. The mixture of isomers of 1,6-di- 
and 1,8-dibromopyrene (3a and 3b) was directly used to carry out next Suzuki coupling reaction. 
 
Synthesis of 1,3,6,8-tetrabromopyrene (4) – Bromine (8.75 g, 0.055 mol) was added dropwise, 
with vigorous stirring to a solution of pyrene (2.5 g, 12.3 mmol) in nitrobenzene (50 ml) at 80°C. 
Then the mixture was heated to 120°C and kept for 12 h. After cooled to room temperature, the 
mixture was filtered, washed with ethanol (100 ml), and dried under vacuum to afford 4 (6.04 g, 
96%) as a pale-green solid; m.p.> 300°C (Found C, 36.85; H, 1.23. C16H6Br4 (517.84) requires C, 
37.11; H, 1.17%). 
This compound was quite insoluble in all common organic solvents. The 1H NMR spectrum 
was not obtained in CDCl3 due to the limited solubility of this compound. 
 
Synthesis of 2-[9,9-bis(3-methyl-butyl)-9H-fluoren-2-yl]-4,4,5,5-tetramethyl[1,3,2]- 
dioxaborolane (6) – The compound 6 was prepared in 70% yield from 2-bromo-9,9-bis(3-
methylbutyl)-9H-fluorene 5 following by the reported procedure synthetic method completely 
agreed with the reported literature procedure.32 
 Compound 6 was obtained from 5 in 70% yield as a colourless powder; m.p. 86–88°C; H 
(CDCl3) 0.36–0.54 (4H, m, CH2), 0.65 (6H, d, J= 4.8 Hz, Me), 0.68 (6H, d, J= 4.8Hz, Me), 
1.17–1.30 (2H, m, CH), 1.39 (12H, s, Me), 2.02 (4H, t, CH2), 7.31–7.33 (3H, m, Ar-H), 7.68–
7.83 (4H, m, Ar-H); m/z: 432 (M+) (Found C, 80.60; H, 9.43. C29H41O2B (432.46) requires C, 
80.54; H, 9.56%). 
 
Synthesis of 1-(9,9-bis-(3-methylbutyl)-9H-fluoren-2-yl)pyrene (7). – 1-Bromopyrene 2 (200 
mg, 0.70 mmol), 2-[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane 6 (461 mg, 1.07 mmol) and Pd(PPh3)4 (23 mg, 0.07mmol) and aqueous 2.0 
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M K2CO3 (2 ml) were mixed in a flask containing with argon saturated toluene (15 ml). The 
reaction mixture was stirred at 90°C for 48 h. After it was cooled to room temperature, the 
reaction mixture was quenched with saturated sodium bicarbonate solution and extracted with 
toluene (50 ml  2). The combined organic extracts were dried with anhydrous MgSO4 and 
evaporated. The crude product was purified by column chromatography using hexane as eluent 
and recrystallization from methanol to afford the desired product 7 (265mg, 75%) as colourless 
prisms, mp 244–246°C; H (CDCl3): 0.64–0.75 (12H, m, Me), 0.30–1.37 (4H, m, CH2), 2.02–
2.07 (6H, m, CH2 and CH), 7.35–7.42 (3H, m, Ar-H), 7.60–7.62 (4H, m, Ar-H), 7.78–8.27 (9H, 
m, Py-H); m/z: 506 (M+) (Found C, 92.26; H, 7.34. C39H38 (506.74) requires C, 92.44; H, 7.56%). 
 
Synthesis of isomer of 1,6-bis[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]pyrene and 1,8-
bis[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]pyrene (8a and 8b). – Dibromopyrene (3a and 3b) 
(200 mg, 0.44 mmol), 2-[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]-4,4,5,5-
tetramethyl[1,3,2]dioxaborolane 6 (475 mg, 1.10mmol), and Pd(PPh3)4 (0.044 mmol) and 
aqueous 2.0 M K2CO3 (2 ml) were mixed in a flask containing with argon saturated toluene (15 
ml). The reaction mixture was stirred at 90°C for 48 h. After it was cooled to room temperature, 
the reaction mixture was quenched with saturated sodium bicarbonate solution and extracted 
with toluene (50 ml  2). The combined organic extracts were dried with anhydrous MgSO4 and 
evaporated. The crude product was purified by column chromatography using hexane as eluent 
and recrystallization from methanol and hexane to afford the desired product 8a/8b (230 mg, 
65%) as colourless prisms, mp 206–208°C;H (CDCl3): 0.60–0.78 (24H, m, Me), 1.23–1.40 
(8H, m, CH2), 1.99–2.09 (12H, m, CH2 and CH), 7.30–7.43 (6H, m, Ar-H), 7.57–7.64 (8H, m, 
Ar-H), 7.76–8.28 (8H, m, Py-H); m/z: 810.48 (M+) (Found C, 91.74; H, 8.17. C62H66 (811.22) 
requires C, 91.80; H, 8.20%). 
The 
1
H NMR spectrum of this compound was not obtained due to its limited solubility in 
CDCl3 solution. But a strong blue fluorescence emission was observed in CH2Cl2 solution 
condition. 
 
Synthesis of 1,3,6,8-tetrakis-[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]pyrene (9). – 1,3,6,8-
Tetrabromopyrene 4 (200 mg, 0.39 mmol), 2-[9,9-bis(3-methylbutyl)-9H-fluoren-2-yl]-4,4,5,5-
tetramethyl[1,3,2]dioxaborolane 6 (1003 mg, 2.32 mmol), and Pd(PPh3)4 (4 mg, 0.013 mmol) 
and aqueous 2.0 M K2CO3 (2 ml) were mixed in a flask containing with argon saturated toluene 
(50 ml). The reaction mixture was stirred at 90°C for 48 h. After it was cooled to room 
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temperature, the reaction mixture was quenched with saturated sodium bicarbonate solution and 
extracted with dichloromethane (100 ml  2). The combined organic extracts were dried with 
anhydrous MgSO4 and evaporated. The crude product was purified by column chromatography 
using hexane/dichloromethane (9:1) as eluent to provide 9 (452mg, 82%) as pale green prisms, 
mp 276–278°C; H(CDCl3): 0.66–0.69 (48H, m, Me), 1.23–1.35 (16H, m, CH2), 2.01–2.06 (24H, 
m, CH2 and CH), 7.31–7.41 (12H, m, Ar-H), 7.66–7.88 (16H, m, Ar-H), 8.16 (2H, s, Py-Ha), 
8.19 (4H, s, Py-Hb); m/z: 1418.95 (M+) (Found C, 91.43; H, 8.50. C108H122 (1420.18) requires C, 
91.34; H, 8.66%). 
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Chapter 7 









A novel paracyclophane-based highly pure blue fluorescent and stable molecule, 4-
phenylethynyl[2.2]paracyclophane, is successfully synthesized via a Pd-catalysed Sonogashira 
coupling reaction of 4-bromo[2.2]paracyclophane with phenylacetylenes. The photo- properties 
were examined in detailed and these data indicated its potential application as blue-emitting 
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7. 1. Introduction  
[2.2]Paracyclophane has a compelling molecular structure consisting of two co-facial 
benzene rings in close proximity (ca. 2.8–3.1 Å ) fixed by two ethylene chains1. A number of 
[2.2]paracyclophane derivatives have been prepared, and their structural and electronic properties 
resulting from characteristic interactions between the two co-facial π-electron system have been 
investigated in detail.2-6 
Although [2.2]paracyclophane (pCp) has been known for almost 60 years, the physical 
properties of the molecule remain a rich area of inquiry and study.7 Initial interests in pCps 
pawned from the reactivity of the strained molecular structure; however, much focus has 
recentlyshifted to controlling photophysical properties8 for the development of device-based 
applications. Applications of the stacked architecture of pCp as a bichromophoric system to study 
through-space delocalization have been recently developed.9 As a continuation of our interest in 
[2.2]paracyclophane chemistry10, we have undertaken a research project on the synthesis of new 
cyclophane derivatives containing ethynyl groups. Linear arylethynyl molecules with extended π-
conjugation are of considerable interest due to their potential applications in 
electroluminescence11, liquid crystallinity12, optoelectronics13, and organic semiconductors14. The 
aim of the project is that of using [2.2]paracyclophane (pCp), which has a unique structure with 
two strained and facing benzene rings, as building block for the construction of extended π-
systems containing three-dimensional (pCp)-, linear (acetylene triple bond), and planar (benzene 
rings)-π-electron systems. The triple bonds are employed as conjugation bridges, and phenyl 
groups and [2.2]paracyclophane as π-centers.      
We reports here synthesis and photophysical properties of a series of symmetrical π-D 
chromophores containing [2.2]paracyclophane (pCp) as the π-center and various donor end 
moieties. A series of 4-arylethynyl[2.2]paracyclophane derivatives 4a-d were synthesized by a 
modified Sonogashira cross-coupling reaction of 4-bromo[2.2]paracyclophane 2 and 
phenylacetylenes. We studied photoproperties make an analysis that there is a significant effect 
on the UV-Vis absorption spectra and fluorescence spe4-arylethynyl[2,2]paracyclophane 
derivatives ctra depending on the donor arylethynyl substituents. In this chapter, synthesis and 
fluorescence emission properties of [2.2]pCp, 4-ethynyl-, 4-phenylethynyl-, 4-
[methoxyphenyl]ethynyl- and 4-[dimethyphenyl]ethynyl-substituted paracyclophane are 
described. 
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7. 2. Result and discussion 
7. 2. a. Synthesis 
Bromination of [2.2]paracyclophane 1 with 0.5 equivalents of 1,3-dibromo-5,5-
dimethylhydantoin (DBMH)15 in CH2Cl2 at room temperature for 12 h afforded a mixture of 4-
bromo[2.2]paracyclophane in 94 % yield. The detailed synthesis of the 4-
arylethynyl[2.2]paracyclophane derivatives 4a-d, is also sketched in Scheme 6. 1. Thus, 
compound 4 was prepared following by the reported procedure, the modified Sonogashira cross-
coupling reaction16 of the 4-bromo[2.2]paracyclophane 2 with various kinds of phenylacetylenes 
3 produced at room temperature for 48 h in dry THF. The corresponding 4-
arylethynyl[2.2]paracyclophane derivatives 4a-d in moderate yields (34-78%, Recrystallization 






























Scheme 7. 1. Synthesis of 4-phenylethynyl[2.2]paracyclophane derivatives 4a-c. Reagent and 
conditions: (a) PdCl2(PPh3)2, CuI, PPh3, HNPr
i
2 / THF (1:1), 48 h, reflux. 
 
The structures for these [2.2]paracyclophane-based -conjugated compounds 4a-d were 
fully characterized by basis on their 1H NMR, Mass spectroscopy and elemental analysis. . In 
particular, due to their D2d point-group symmetric structure, its 
1H NMR spectrum of the 4-
arylethynyl[2.2]paracyclophane derivatives 4a-d is much simpler. For example, compound 4-
[methoxyphenyl]ethynyl[2.2]paracyclophane 4(c) displays double singlets at = 6.91, 6.93 and 
7.01, 7.04 ppm and for the [2.2]paracyclophane benzene ring protons at , 5,6,8-positions and 
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12,13,15,16,-positions and 7.51, 7.54 ppm for phenyl proton , respectively. 1H-NMR spectral 
data (300 MHz, CDCl3) of 4(c) shows the methoxy group appeared as a singlet at δ = 3.84 ppm. 
 
7. 2. b. X-ray Molecular Structure and Crystal Packing 
The molecular structure of compound 4c was further confirmed by single-crystal X-ray 
analysis. The crystal was obtained as coloess prisms by using binary solvent systems of CHCl3 





Figure 7. 1. X-ray structure diagram of compound 4c (i) top view; (ii) Packing diagrams 
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Parameter                                                      4c
Empirical formula                                          C25H22O
Formula weight [g mol -1]                             338.45
Temperature [K]                                            113
Wavelength [Å ]                                             1.54187
Crystal system                                                monoclinic
Space group                                                   P1 21/C1
Crystal colour and size [mm]                         colorless 0.2 0.1 0.1
a [Å ]                                                               22.179(5)
b [Å ]                                                               10.989(3)
c [Å ]                                                               7.4998(17)
 [°]                                                                90
[°]                                                                96.463(15)
 [°]                                                               90
Volume [Å 3]                                                  1816.3(8)
Z                                                                     4
Density, calcd. [g m -3]                                 1.238
Absorption coefficient [mm-1]                      0.566
F (000)                                                           720.00
q range for data collection [°]                        4.01 to 68.16
Reflections collected                                      19981
Independent reflections                                  3293
Observed data [F2 > 2s(F2)]                          2203
Rint                                                                          0.0422
Restraints/parameters                                    236
Goodness-of-fit on F2                                    0.936
R1 [F2 > 2(F2)]                                           0.0458
wR2 (all data)                                                0.1075
Table 7. 1. Crystal data and structure refinement for 4c
 






This compound was obtained as orange needles and provided excellent quality data. The 
selected crystal data for 4c are presented in Table 7. 1. This structure is boat-shape and the 
phenyl ring and pCp ring are in the same planer. The structure of 4c reveals a nearly boat 
molecular conformation with a packing arrangement consisting of off-set stacking dimmers 
(Figure 7.1). The pCp molecules exhibit essentially all-coplanar arrangements throughout the 
molecules, including the pCp units, and thus support the desired extension of the through-space 
-conjugated system. The crystal packing of pCp molecules has been studied previously.  
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As shown in Figure 7.1 the present molecule 4c are packed in herring-bone pattern of 
arrangement in a single dimension. However the overall arrangement of the molecules in a 
crystal lattice shows pattern of the arrays. Interesting, a infinite molecular chain ladder-like was 
formed by intermolecular interaction and the distance is 3.729 Å  (C5-C14) between neighbor 
pCp of benzene ring, meanwhile, C-H•••π (C2-H24•••C6=3.768 Å ) bond was observed in the 
packing structure. These results strongly indicated that the methoxy group attached in the 
benzene rings of rigid pCp core play an important role for suppressing the through-space π-π 






Figure 7. 2. Packing diagram of compound 4c (i) showing the packing pattern of the ladder-like 
arrays. (ii) herring-bone pattern of arrangement  
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These longer inter planar distance, which is due to the presence of the methoxy group, 
could justify the greater solubility of synthesized compounds. However, the parallel pseudo-
stacking between methoxy group and sideways benzene rings were observed in the crystal 
packing of 4c (Figure. 7. 2) In crystal packing, the methoxy group and lateral rings of adjacent 
molecules lies on planes at the average distance of short contact ca. 4.358 Å  (Table. 7. 2) which 
is suggestive of partial but remarkable intermolecular interaction leading to the strong herring-
bone array of molecules Figure. 7. 2. in crystal lattice.  
Remarkably, the molecular packing of 4c displays an intriguing feature for potential 
applications in organic electronics, as all molecules within the crystal show a significant degree 
of  stacking between the pCp moieties of different layers. This feature could allow for a well-
defined intermolecular communication of 4c in the solid state that is essential for its performance 
in electronic devices. 
 
7. 2. c. Photo Physical Properties 
Consequently, a series of substituted 4-phenylethynyl substituted DTTs derivatives 4a, 4b, 
and 4c and 4d have been succeeded to prepare. The electronic absorption and fluorescence-
emission data for these compounds are summarized in Table 7. 1 The spectra were recorded in 
CH2Cl2 in the range of 1 ×  10
–5 M concentration at room temperature. For these 4-
phenylethynyl[2.2]paracyclophane derivatives 4a, 4b, 4c and 4d, the spectra are almost identical 
and three absorption bands were observed in the range of 300-350 nm. To evaluate the optical 
properties of the monomers, we designed and prepared model compounds 1, 4a, 4b, and 4c, as 
shown in Figure 7. 3, UV-vis absorption spectra of 4a, 4b and its model compound 1 in CHCl3. 
Absorption spectra of 4a was observed at 276 nm , whereas those of 4b appeared at 300 nm. 
Thus, the absorption spectrum of 4a was bathochromic-shifted in comparison with that of 4b 
because of through-space conjugation.  
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Table 7. 2. Optical absorption and emission spectroscopic data for 
4a-c, in CH2Cl2(10
-5-10-7M)at room temperature, compared with
that of 1[a]
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute
quantum yields ( 0.01- 0.03) in dichloromethane.
pCp 275 391(285) 116 0.00
 
 
Figure 7. 3. Normalized UV-vis absorption spectra of pCp and 4a-b recorded in CH2Cl2 at about 
10-5 M and 25℃. 
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As shown in Figure 7. 4, UV-vis absorption spectra of 4b, 4c, and compound 4d in CHCl3. 
Similarly to 4a and 4b, the absorption spectrum of 4b, 4c exhibited a bathochromic shift in 
comparison with that of 4d because of through-space conjugation, and the absorption maxima 
and edge appeared at 308 and around 334 nm, respectively.  
Absorption bands of monomer 4a and compound 4b appeared at shorter wavelengths 
than those of monomer 4b, 4c and compound 4d, as shown in Figures 7. 3 and 7. 4. The 
reason for this is considered to be the conjugation effect between the electron-withdraw-ing 
phenyl group and the electron-donating dial- dimetylphenyl unit.   
This result also shows a slight substitution effects in UV-Vis spectra of compound 4a-d. 
With the increase of electron donating nature of the substituent, the UV-Vis spectra were found 
to be more batho-chromically red shifted i.e. 4a < 4b < 4c < 4d. The spectral features of the 
absorption spectra of monomers 4a-4d were independent of the number of layered 
[2.2]paracyclophane units. 
Upon excitation, a dilute solution (~10-7 M) of compound 4a, 4b, 4c and 4d along with 1 in 
dichloromethane at room temperature on excitation at each absorption maximum shows broad 
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band blue emission, (Figure 7. 5 - 7. 6). Emission from the layered [2.2]paracyclophane 1 was 
observed at around 390 nm under the 278 nm excitation. Figure 7. 5 shows the spectra of 4a, 4b 
and 1, and Figure 7. 6 shows those of 4b, 4c and 4d. The fluorescence emission spectra of 4a and 
4b were red-shifted in comparison with those of model compounds 4b, 4c and 4d, respectively, 
because of the through-space interaction in the ground state. 
 
 




Compared with the lower energy emission band of [2.2]paracyclophane 1, the emission 
band of 4a, 4b, 4c and 4d, were found to be bathochromically red shifted at 376, 383, 372 and 
405 nm, respectively. All the fluorescence emission bands are broad but almost identical. The 
emission band was observed in the visible pure-blue region with a small shoulder at longer wave 
length. However the fluorescence stokes shift increase in the order of 4c < 4a < 4b < 4d. 
The fluorescence quantum yields of 4a-d and 1 recorded in dilute CH2Cl2 solution at room 
temp. are also listed in Table 6. 2. We found the Φf values of 4a–d and 1 to be in the range of 
0.01–0.35 relative to that of 9, 10-diphenylanthracence (0.90 in cyclohexane).17 
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Figure 7. 6. Fluorescence emission spectra of 4b-d recorded in CH2Cl2 at about 10























Table 7. 3. Opital absoprtion and emission spectroscopic data for 4d  in various
solvents (ca. 10-5-10-7M) at room temp.[a]
331 392 611,4-dioxane 0.22
[a] all measurements were perfomed under degassed conditions.[b]
~10-5 M in CH2Cl2, abs is absorption band appearing at the logest
wavelength.[c] ~ 10-7 M in CH2Cl2, ex fluorescence band appearing
at the shorest wavelength. [d] wavelength of excitation.[e]absolute
quantum yields ( 0.01- 0.03) in dichloromethane.  
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Figure 7. 7. Normalised fluorescence spectra of 14d recorded in (a) Cyclohexane, (b) THF, (c) 
CH2Cl2, (d) DMF at ca. 10
-5 M - 10-7M and 25 ℃. 
 
In order to obtain more insight of their photophysical properties these new boat-shaped 
conjugation compounds, the normalized absorption spectra and emission spectra of compound 4d 
in various solvents are determined and the optical data are summarized in Table 7. 3.  
It is well-known that solvatochromitic affect is not only depend on molecular structure, but 
also depend on the nature of the chromophore, as well as the solvents.18 Each monomer shows a 
slight solvatochromism in the absorption spectra and emission spectra. For example, for 4d, a 
change of solvent from nonpolar cyclohexane to polar DMF caused only a very slight, positive, 
bathochromic shift in the π-π* absorption band from 328 to 340 nm . On the other hand, in the 
case of the emission spectrum of 4d, we observed a substanial positive bathochromism with a 
peak around 367 nm in cyclohexane, while we observed a broad and red-shifted emission with 
only one peak at max = 424 nm in the solvent of high polarity, DMF(Figure 7. 7). 
These results indicated that the µe (dipole moment of 4 in the excited state) should be 
larger than the µg (the dipole moment of 4 in the ground state) because positive solvatochromic 
effect was observed in the absorption spectra and emission spectra.19 On the other hand, the fact 
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that solvatochromic effects is more important for emission than for absorption suggests that these 
current compounds 4d are more solvated in the excited state than in the ground state.20 
 
 
Figure 7. 8. Lipper-Mataga plots for compounds 4d. A : Cyclohexane; B: 1,4-dioxane; C: THF; 
D: CH2Cl2; E : DMF 
 
Such large Stokes’ shift observed for 4d inpolar solventsmay result fromthe difference in 
the dipolemoments between the delocalized ground state and the highly localized excited one. 
The highly localized excited state must come from the intramolecular charge transfer (ICT) 
between the NPh2 group and the thiophene core.
17, 21 Relationship between Stokes’ shift and the 
difference in the dipole moments can be related by the Lippert–Mataga equation: 
 
v = 2µ2egf / hca
3 + const, 
f = [(ε -1) / (2ε + 1)] – [(n2 – 1) / (2n2 + 1)] 
 
where v and µeg, are Stokes’ shift and the difference in the dipole moment between the 
excited and ground states, respectively; f is the orientation polarizability; h is Planck’s constant; 
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c is the velocity of light; a is the Onsager radius around a fluorophore; ε is the dielectric constant; 
n is refractive index.22-24 To calculate µeg, the Stokes’ shifts for 4d were plotted against the f 
values in the various solvents of 1,4-dioxane, Cyclohexane, THF, CH2Cl2 and DMF(Fig. 7. 8). 
From the slope according to the Lippert–Mataga equation, the µeg value for 4d was estimated to 
be ca. 30 D, meaning that the dipole moment of 4d drastically changed from the ground to the 
excited states. On the basis of the large µeg value and the DFT analysis for the ground states, 
one might suppose that charge separation can exist only in the excited states of the donor-modi- 
fied paracyclophane. The Lippert–Mataga plot for the various solvents used in this study also 
gave a relatively good proportion between the Stokes’ shifts 0f 4d and their f values.21g The 
paracyclophane core in 4d can behave as an acceptor moiety against the dimethylamino groups to 
give rise to fluorescence solvatochromicity probably based on ICT mechanism. To reinforce the 
ICT mechanism, time-dependent DFT calculations for 4d were tried to shed light on their HOMO 
and LUMO in the excited states.21b, 21f Unfortunately, the calculation hardly converged owing to 
the molecular size of 4d. Nevertheless, the findings obtained from UV/vis and fluorescence 
spectra and Lippert–Mataga analysis imply that the charge separation arises in the excited states 
of the donor-modified 4d. 
 
 
Figure 7. 9. Fluorescence in the solution of compound 4a-d and pCp.  
 
These molecules emit very bright, pure-blue fluorescence and have good solubility in 
common organic solvents and high stability. Figure 7. 9. shows emit very bright, pure-blue 
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7. 3. Conclusion 
Novel conjugated cyclophane combined with phenylacetylenes units based on 4-
arylethynyl[2.2]paracyclophane derivatives were prepared according to the Sonogashira coupling 
reaction. These compounds could be easily processed to obtain uniform thin films with good 
thermal stability. Monomer 4d exhibited strong blue photoluminescence in solution and greenish-
blue in the solid state. According to the study on the concentration effect of photoluminescence, 
the aggregation or the intermolecular interaction of the monoer chain would occur in the film 
state as well as in the concentrated solution. Future work will focus on investigating the 
contribution of the cyclophane unit for applications in hole-transporting materials and light-
emitting materials. 
 
7. 4. Experiment 
All melting points are uncorrected. The 1H NMR spectra were recorded at 300 MHz on a 
Nippon Denshi JEOL FT-300 NMR spectrometer in deuteriochloroform with TMS as an internal 
reference. The IR spectra were obtained as KBr pellets with a Nippon Denshi JIR-AQ2OM 
spectrometer. UV/Vis spectra were obtained with a Perkin–Elmer Lambda 19 UV/Vis/NIR 
spectrometer in various organic solvents. Fluorescence spectroscopic studies were performed in 
various organic solvents in a semimicro fluorescence cell (Hellma® , 104F-  
µL) with a Varian Cary Eclipse spectrophotometer. Fluores-cence quantum yields were measured 
using absolute methods.Mass spectra were obtained with a Nippon Denshi JMS-HX110A Ultra-
high Performance Mass Spectrometer at 75 eV using a direct-inlet system. Elemental analyses 
were performed with a Yanaco MT-5 analyser. 
 
Materials 
4-bromo[2.2]paracyclophane : [2.2]Paracyclophane 1 (2 g, 10 mmol) was dissolved in CH2Cl2 
(100 mL) was added DBMH (1.43 g, 5 mmol) under nitrogen at room temperature. After that, to 
this solution, CF3SO3H (0.94 mL, 10 mmol) and CH2Cl2 (100 mL) were added dropwise under 
light resistant condition. The mixture was stirred at room temperature for 12 h, poured into ice-
water (100 mL), and stirred for another 30 min. The two phases were separated, and the aqueous 
phase was extracted with CH2Cl2 (100 mL). The combined organic phases were dried over 
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MgSO4 and concentrated under reduced pressure. The crude product was purified by column 
chromatography using Hexane to provide a white powder (2.70 mg, 94 %). 
 
General Procedure for the Sonogashira Coupling Reaction Towards the Synthesis of 
4a–d : 4-bromo[2.2]paracyclophane 2 (0.3 mmol), PdCl2(PPh3)2 (0.030 mmol), PPh3(0.060  
mmol), CuI (0.030 mmol) and a phenylacetylene (0.3 mmol) were added to a degassed solution 
of THF (7.5 mL) and HNPr
i
2 (7.5 ml) under argon. The resulting mixture was stirred at reflux for 
the time mentioned in the individual cases. After the reaction mixture was cooled to room 
temperature, ammonium salts were removed through Celite and washed with THF several times. 
The solvent was removed to give the crude reaction mixture, which was further worked up as 
indicated in the individual cases. 
 
4-ethynyl[2.2]paracyclophane 4a : A mixture of P-ethynylanisole (78.3 mg, 0.3 mmol), 4-
bromo[2.2]paracyclophane(2) (100 mg, 0.3 mmol), Pd(PPh3)2Cl2 (21 mg, 0.030 mmol), CuI (6.0 
mg, 0.030 mmol), PPh3 (16 mg, 0.060 mmol), HNPr
i
2 (1.0 ml) and THF (1.0 ml) was placed in 
the Schlenk tube equipped with a magnetic stirring bar and a reflux condenser under N2 
atmosphere. The mixture was stirred for 48 h at reflux temperature. After the reaction mixture 
was cooled to room temperature, ammonium salts were removed through Celite and washed with 
THF several times. The filtrate was condensed and purified on column chromatography with 
Hexane as CH2Cl2 (1 : 1). The residue was recrystallized from hexane gave 78 mg (51 %) of a 
mixture of compound 4a as white crystal. 1H-NMR (300 MHz, CDCl3) : (ppm) 2.81-3.23(8H, 
t,), 6.39-6.58 (8H, m), 7.01(1H) 
 
4-phenylethynyl[2.2]paracyclophane 4b : A mixture of phenylacetylene (78.3 mg, 0.3 mmol), 
4-bromo[2.2]paracyclophane(2) (100 mg, 0.3 mmol), Pd(PPh3)2Cl2 (21 mg, 0.030 mmol), CuI 
(6.0 mg, 0.030 mmol), PPh3 (16 mg, 0.060 mmol), HNPr
i
2 (1.0 ml) and THF (1.0 ml) was placed 
in the Schlenk tube equipped with a magnetic stirring bar and a reflux condenser under N2 
atmosphere. The mixture was stirred for 48 h at reflux temperature. After the reaction mixture 
was cooled to room temperature, ammonium salts were removed through Celite and washed with 
THF several times. The filtrate was condensed and purified on column chromatography with 
Hexane as CH2Cl2 (1 : 1). The residue was recrystallized from hexane gave 78 mg (43 %) of a 
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mixture of compound 4b as white crystal. 1H-NMR (300 MHz, CDCl3) : (ppm) 2.81-3.23(8H, 




: A mixture of P-ethynylanisole (78.3 mg, 
0.3 mmol), 4-bromo[2.2]paracyclophane(2) (100 mg, 0.3 mmol), Pd(PPh3)2Cl2 (21 mg, 0.030 
mmol), CuI (6.0 mg, 0.030 mmol), PPh3 (16 mg, 0.060 mmol), HNPr
i
2 (1.0 ml) and THF (1.0 ml) 
was placed in the Schlenk tube equipped with a magnetic stirring bar and a reflux condenser 
under N2 atmosphere. The mixture was stirred for 48 h at reflux temperature. After the reaction 
mixture was cooled to room temperature, ammonium salts were removed through Celite and 
washed with THF several times. The filtrate was condensed and purified on column 
chromatography with Hexane as CH2Cl2 (1 : 1). The residue was recrystallized from hexane gave 
78 mg (78 %) of a mixture of compound 4c as white crystal. 1H-NMR (300 MHz, CDCl3) : 




: A mixture of 4-ethynyl-N,N-
dimethylbenzenamine  (78.3 mg, 0.3 mmol), 4-bromo[2,2]paracyclophane(2) (100 mg, 0.3 
mmol), Pd(PPh3)2Cl2 (21 mg, 0.030 mmol), CuI (6.0 mg, 0.030 mmol), PPh3 (16 mg, 0.060 
mmol), HNPr
i
2 (1.0 ml) and THF (1.0 ml) was placed in the Schlenk tube equipped with a 
magnetic stirring bar and a reflux condenser under N2 atmosphere. The mixture was stirred for 48 
h at reflux temperature. After the reaction mixture was cooled to room temperature, ammonium 
salts were removed through Celite and washed with THF several times. The filtrate was 
condensed and purified on column chromatography with Hexane as CH2Cl2 (1 : 1). The residue 
was recrystallized from hexane gave 78 mg (34 %) of a mixture of compound 4d as white crystal. 
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Figure 7. 10. 1H NMR spectra of compounds 4a in CDCl3 at room temperature. 300 MHz, ppm  
 
Figure 7. 11. 1H NMR spectra of compounds 4b in CDCl3 at room temperature. 300 MHz, ppm  
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Figure 7. 12. 1H NMR spectra of compounds 4c in CDCl3 at room temperature. 300 MHz, ppm  
 
Figure 7. 13. 1H NMR spectra of compounds 4d in CDCl3 at room temperature. 300 MHz, ppm 
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Organic EL devices (OLEDs) have recently received considerable attention due to 
their potential application as full-color, flat-panel displays as well as from the standpoint of 
scientific interest. They are attractive because of low voltage driving, high brightness, 
capability of multicolor emission by the selection of emitting materials and easy fabrication 
of large-area and thin-film devices. Much interest has been focused on the designed synthesis 
of molecular architectures that place chromophores into well-defined geometries. At present, 
numerous materials derived from naphthalene, anthracene, perylene, and fluorene have been 
widely used as emitting materials in OLED, but the use of, thiophene, paracyclophane, 
pyrene molecule is very limited.  
Recently, it was reported that numerous materials derivatives were useful for the blue 
emitting materials or hole-transporting materials in OLEDs by introducing long or branched 
side chains and copolymerization with a suitable bulky co-monomer. Thus, there is 
substantial interest to develop and investigate novel high thermal stability, good film-forming 
properties, and excellent quantum fluorescence efficiency for full-color OLED application. 
This thesis describes the selective synthesis and spectral properties of such novel fluorescent 
compounds. 
Chapter 1 gives a short introduction into the field of organic light emitting devices 
(OLEDs), with respect to their applications are presented and a brief introductory outline of 
present thesis are discussed.  
Chapter 2 provides a brief introduction on organic light emitting devices (OLEDs) and 
extensive literature overview on representative OLEDs materials. 
Chapter 3 describes the synthesis, structure, and spectral properties of dithieno[3,2-
b:2’,3’-d]thiophene, 
Chapter 4 describes the synthesis and spectral properties of thiophene-based monomers 
with planar structures, π-conjugated structures by Suzuki coupling reaction. On the other 
hand, photophysical properties studies of these compounds also indicated that there is a 
significant effect on the UV-vis absorption spectra and emission spectra as both the number 
of substituents and the change of substituents. We have succeeded to obtain single crystals of 
12b for X-ray structure analysis. The evidence that revealed from single-crystal X-ray 
analysis indicate the two bulky tert-butyl groups on the benzene rings at 2 and 6 positions in 
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12b play an very important role for inhibiting the close face-to-face -stacking interactions 
between neighbouring DTT units. 
Chapter 5 describes the synthesis and spectral properties of thiophene-based monomers 
with planar structures, π-conjugated structures by Sonogashira coupling reaction. On the 
other hand, photophysical properties studies of these compounds also indicated that there is a 
significant effect on the UV-vis absorption spectra and emission spectra as both the number 
of substituents and the change of substituents. 
Chapter 6 explores a new serives of pyrene-based cruciform-shaped pure blue 
fluorescent and stable molecules, namely, fluorenyl-substituted pyrenes, which are 
successfully synthesized by a modified Pd-catalyzed Suzuki coupling reaction. A sight 
solvatochromic effects observed in 7–9 can be explained that these current compounds 7–9 
are more solvated in the excited state than in the ground state. The herein-presented 
molecules are exciting new materials that combine excellent optical features and an improved 
thermal stability.  
Chapter 7 describes the synthesis and spectral properties of paracycophene-based 
monomers with through-space conjugated structures by Sonogashira coupling reaction. 
Monomer 4d exhibited strong blue photoluminescence in solution and greenish-blue in the 
solid state. According to the study on the concentration effect of photoluminescence, the 
aggregation or the intermolecular interaction of the monoer chain would occur in the film 
state as well as in the concentrated solution. 
Therefore, various types novel extended π-conjugated fluorescent materials  structure 
patterns were selectively synthesized. The design and synthetic methods for all the 
compounds were fully presented. Chemical structure and photophysical properties for these 
compounds were determined by modern techniques and demonstrated. The results revels that 
the synthesized compounds are unique in their structural patterns and opened a new area in 
the synthesis of novel extended π-conjugated fluorescent materials. On the other hand, The 
present work gived some insight into the design of thiophene, paracyclophane, pyrene 
molecule for photo-properties were examined in detailed and these data indicated its potential 
application as blue-emitting materials in organic light-emitting diodes (OLEDs). 
 
 
